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(57) A cathode ray tube includes an electron gun for 
emitting at least one electron beam; a mask frame in- 
clude a mask having a plurality of holes or slits for al- 
lowing the electron beam to be transmitted therethrough 
and a frame to which the mask is attached; and a panel 
including a phosphor layer to be scanned by the at least 
one electron beam transmitted through the plurality of 
holes or slits of the mask. The panel includes a plurality 
of stud pins for supporting the frame. The frame includes 



a plurality of elastic supports engaged with the plurality 
of stud pins. At least one of the plurality of elastic sup- 
ports includes an engagement portion having an engag- 
ing hole which is engaged with one of the plurality of the 
stud pins and an elastic portion in contact with the one 
stud pin. Mask frame vibration causes the elastic portion 
to rub against a respective stud pin so as to generate a 
frictional force for attenuating the vibration of the mask 
frame. 
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Description 

TECHNICAL FIELD 

5 [0001] The present invention relates to a cathode ray tube, specifically a cathode ray tube having a feature in an 
elastic support used for supporting a frame, and also relates to an image display apparatus using such a cathode ray 
tube, such as an image monitor used for a TV, a personal computer, an oscilloscope or the like. 

BACKGROUND ART 

10 

[0002] Figure 20 A shows a structure of a conventional cathode ray tube 1900. As shown in Figure 20 A, the cathode 
ray tube 1900 includes a panel 1903 having a generally quadrangular container-shape. The panel 1903 includes a 
panel main body 1901 having an inner curved surface and a side wall 1902 provided around four sides of the panel 
main body 1901. The cathode ray tube 1900 further includes a funnel 1904 joined to the side wall 1902. 

15 [0003] On an inner surface of the panel 1903, a phosphor screen 1905 including a three color phosphor layer of 
RGB color elements (red, green and blue) is provided. A mask frame 1909 is provided to face the phosphor screen 
1905. The mask frame 1 909 includes a generally quadrangular frame 1908 and a mask (shadow mask) 1907 attached 
to the frame 1908 so as to extend over the frame 1908. The mask 1907 is generally quadrangular and has a plurality 
of electron beam transmission holes or slits 1906. 

20 [0004] The funnel 1904 includes a neck 1910, which accommodates an electron gun 1912 for emitting three electron 
beams 1911. A color image is displayed as follows. The three electron beams 1911 emitted by the electron gun 1912 
are deflected by a magnetic field generated by a deflection device 1913 provided on an outer surface of the funnel 
1904, and the phosphor screen 1905 is horizontally and vertically scanned with the three electron beams 191 1 through 
the mask frame 1909. In Figure 20A, reference numeral 1906 represents an inner magnetic shield attached to the 

25 frame 1908. In order to display an accurate color image on the phosphor screen 1905 in the cathode ray tube 1900 
having the above-described structure, the mask frame 1909 needs to be kept aligned at a prescribed relationship with 
respect to the three color phosphor layer included in the phosphor screen 1905. 

[0005] Figure 20B is a cross-sectional view of the cathode ray tube 1900 shown in Figure 20A taken along line A-A 
in Figure 1 . As shown in Figure 20B, a known system for supporting the mask frame 1 909 includes generally V-shaped 
30 elastic supports 1 91 4 respectively attached to four corners of the frame 1 908 and stud pins 1 915 respectively provided 
on the four corners of the side wall 1 902 of the panel 1 903. The mask frame 1 909 is detachabty supported to the panel 
1903 by engaging the elastic supports 1914 with the stud pins 1915 respectively. 

[0006] Figure 21 A shows a structure of another conventional cathode ray tube 2000. Figure 21 B is a cross-sectional 
view of the cathode ray tube 2000 shown in Figure 20A taken along line B-B in Figure 21 A. Identical elements previously 

35 discussed with respect to Figures 20A and 20B bear identical reference numerals and the descriptions thereof will be 
omitted. As shown in Figure 21 B, another known system for supporting the mask frame 1909 includes strip-like elastic 
supports 2001 respectively attached to centers of four sides of the frame 1 908 and stud pins 1 91 5 respectively provided 
at centers of four inner faces of the side wall 1902 of the panel 1903. The mask frame 1909 is detachably supported 
to the panel 1903 by engaging the elastic supports 2001 with the stud pins 1915 respectively. This system is generally 

40 known. 

[0007] In general, in order to display a color image with no degradation of color purity on a phosphor screen of a 
cathode ray tube, it is necessary that the three electron beams 1911 transmitted through the holes 1906 formed in the 
mask 1 907 (shadow mask) of the mask frame 1 909 should accurately land on respective color areas of the three color 
phosphor elements of the phosphor screen 1 905. In order to realize this state, the positional relationship between the 
45 panel 1903 and the mask frame 1909 needs to be kept at a prescribed relationship. Particularly, the distance (q value) 
between the inner surface of the panel main body 1901 on which the phosphor screen 1905 is provided and a surface 
of the mask 1907 facing the panel main body 1901 (shadow mask surface) needs to be kept within a prescribed 
tolerance. 

[0008] in the state where a cathode ray tube (cathode ray tube 2000, for example) is incorporated in a set such as 
so a TV or an image monitor, vibration from a speaker built into the set or vibration from outside the set is transferred to 
the cathode ray tube through a cabinet of the set, which undesirably causes the frame 1908 and the mask 1907 to 
also vibrate through resonance. When the vibration amplitude of the frame 1908 and the mask 1907 exceeds the 
prescribed tolerance of the q value, the three electron beams 1911 land on offset positions and degradation of color 
purity occurs. As a result, the image quality is deteriorated. 
55 [0009] In addition, when the frame 1 908 and the mask 1 907 vibrate in the planar direction thereof to the extent that 
one of the transmission holes 1906 of the mask 1907 reaches an adjacent transmission hole 1906, the three electron 
beams 191 1 do not accurately land on the phosphor layer of the phosphor screen 1905 (mislanding). 
[001 0] In order to restrict the vibration of the mask 1 907 and the frame 1 908 caused by the vibration transferred from 
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outside the cathode ray tube (cathode ray tube 2000, for example), the vibration of the frame 1908 first needs to be 
quickly stopped. The reason for this is that unless the frame 1908 stops vibrating, the mask 1907 fixed to the frame 
1908 does not stop vibrating. The inside of the cathode ray tube 2000 is in vacuum and the vibration is not attenuated 
by friction with air. Therefore, the mask 1907 and the frame 1908 are likely to keep vibrating for an extended period of 
5 time inside the cathode ray tube 2000. Accordingly, in order to restrict the vibration, it is necessary to provide a structure 
to cause friction by the vibration inside the cathode ray tube 2000 so that vibration energy is converted into friction 
energy. 

[0011 J Figures 22A, 22B and 22C show a specific structure of the elastic support 1914 shown in Figures 20A and 
20B, which is disclosed in Japanese Laid-Open Publication No. 9-293459. The elastic support 1914 includes a fixing 

10 portion 21 01 to be fixed to the frame 1 908, an engagement portion 21 02 having an engaging hole 21 04 for engagement 
with the stud pin 1915 (Figures 20A and 20B), and connection portions 2103a and 2103b for connecting the fixing 
portion 2101 and the engagement portion 2102. The connection portions 2103a and 2103b are fixed to each other at 
a welding point 21 07 by welding. The elastic support 1 91 4 further includes plate-like bent portions 21 05 perpendicularly 
raised from the fixing portion 2101 and slits 2106 made in the engagement portion 2102 for receiving the bent portions 

15 2105. When the stud pin 1915 is engaged with the engaging hole 2104, the bent portions 2105 are inserted through 
the slits 2106. Due to such a structure, when the frame 1908 vibrates, the bent portions 2105 cause friction with inner 
surfaces of the slits 2106, and thus vibration energy is converted to friction energy. Thus, the vibration of the frame 
1908 is restricted. 

[0012] Figures 23A and 23B show a specific structure of the elastic support 2001 shown in Figures 21 A and 21 B, 

20 . which is disclosed in Japanese Laid-Open Publication No. 9-35653. The elastic support 2001 includes a plurality of 
leaf springs having an identical shape (two leaf springs 2002 and 2003 in the example shown in Figures 23A and 23B), 
and is provided in the vicinity of a center of each of the four sides of the frame 1908 as shown in Figure 21 B. When 
>\r the frame 1908 vibrates due to vibration externally applied, the elastic support 2001 is deformed and thus friction is 
s caused between the leaf springs 2002 and 2003. Accordingly, the vibration of the frame 1908 is rapidly attenuated:- 

25 ^ Figure 23B shows how the elastic support 2001 is engaged with the stud pin 1915. 

[0013] The elastic support 191 4 shown in Figures 22A.22B and 22C has the following problem. 
[0014] When the frame 1908 vibrates, both of two surfaces of the bent portions 21 05 cause friction with inner surfaces 
v : of the slits 2106. Accordingly, the vibration is rapidly attenuated. However, when two surfaces perpendicular to each ■ 
other (surfaces of the bent portions 2105 and the inner surfaces of the slits 2106) rub against each other, the sliding 

30 : surfaces need to be highly smooth. Otherwise, the surfaces are easily locked by each other. Especially the inner space 
of the cathode ray tube, which is in high vacuum, has a friction coefficient larger than that in the outside air. Accordingly, 
there is a high possibility that the surfaces of the bent portions 2105 and the inner surfaces of the slits 2106 are locked 
by each other so as to be unmovable. Once the bent portions 2105 and the slits 2106 become unmovable, the elastic 
support 1914 cannot provide its original function. That is, when the electron beams 1911 (Figure 20A and 20B) hit the 

35 mask 1907 to raise the temperature of the mask 1907 and the mask 1907 expands while the cathode ray tube 1900 
is in operation, the elastic support 1914 cannot adjust the position of the frame 1908 so as to correct the positional 
relationship (q value) between the inner surface of the panel main body 1901 on which the phosphor screen 1905 is 
provided and the surface of the mask 1907 facing the panel main body 1901 (shadow mask surface). The reason for 
this is that the elastic support 1914 has a mechanism of correcting the position of the frame 1908 by the elasticity of 

40 the engagement portion 2102 and the connecting portion 2103a. 

[0015] The elastic support 2001 shown in Figures 23A and 23B has the following problems. 
[0016] The leaf springs 2002 and 2003 having an identical shape are completely superimposed with each other. 
Accordingly, friction does not occur between the leaf springs 2002 and 2003 unless a force sufficiently large to deform 
the leaf spring 2002 is applied by the vibration. In addition, since a contact area of the leaf springs 2002 and 2003 is 

45 relatively large, the friction coefficient between the leaf springs 2002 and 2003 is large. Forthis reason also, the vibration 
of the frame 1908 cannot be restricted by the friction unless the vibration has a relatively large amplitude. Especially 
against the vibration in the axial direction of the cathode ray tube, the restriction effect of the elastic support 2001 is 
small due to a very small friction between the leaf springs 2002 and 2003. The friction is very small because the leaf 
springs 2002 and 2003 are likely to move in the same manner in a superimposed state due to a large friction coefficient. 

so in actuality, when the vibration amplitude of the frame 1908 exceeds, for example, about 1 00 urn in the axial direction, 
the degradation of color purity becomes conspicuous. The leaf spring 2002 does not receive a sufficiently large force 
in response to such a small vibration amplitude, and thus is not deformed much. For these reasons, the elastic support 
2001 does not provide a .sufficient effect of restricting the vibration and is not practical for use. 
[0017] The present invention has an objective of providing a cathode ray tube for rapidly attenuating vibration of a 

55 frame against vibration transferred from outside and thus preventing degradation of color purity in a color image from 
occurring due to mislanding of electron beams, and an image display apparatus using such a cathode ray tube. 
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DISCLOSURE OF THE INVENTION 

[0018] A cathode ray tube according to the present invention Includes an electron gun for emitting at least one electron 
beam; a mask frame include a mask having a plurality of holes or slits for allowing the at least one electron beam to 

s be transmitted therethrough and a frame to which the mask is attached; and a panel including a phosphor layer to be 
scanned by the at least one electron beam transmitted through the plurality of holes or slits of the mask. The panel 
includes a plurality of stud pins for supporting the frame. The frame includes a plurality of elastic supports engaged 
with the plurality of stud pins. At least one of the plurality of elastic supports includes an engagement portion having 
an engaging hole which is engaged with one of the plurality of the stud pins and an elastic portion in contact with the 

10 one stud pin. Mask frame vibration causes the elastic portion to rub against a respective stud pin so as to generate a 
frictional force for attenuating the vibration of the mask frame. The above-described objective can be achieved by this 
structure. 

[0019] In one embodiment of the invention, the one stud pin has a tip, and the elastic portion rubs against the tip of 
the one stud pin. 

15 [0020] In one embodiment of the invention, the elastic portion is formed of a metal plate rolled into a cylindrical shape. 
[0021 ] In one embodiment of the invention, the elastic portion is formed of a metal plate bent into a leaf spring-shape. 
[0022] In one embodiment of the invention, the at least one elastic support includes a fixing portion for fixing the at 
least one elastic support to the frame, and the elastic portion is fixed to the fixing portion. 

[0023] In one embodiment of the invention, the fixing portion is provided between the engagement portion and the 
20 frame. 

[0024] In one embodiment of the invention, the elastic portion is provided between the engagement portion and the 
fixing portion. 

[0025] In one embodiment of the invention, the at least one elastic support further includes a connection portion for 
connecting the fixing-portion and the engagement portion to each other. v 
25 [0026] 1 In one embodiment of the invention, a thickness of the fixing portion to, a thickness of the connection portion 
t1 and a thickness of the elastic portion t2 satisfy the relationships of t0>t1 and t0&t2. 

[0027] In one embodiment of the invention; a thickness of the fixing portion to, a thickness of the connection portion 
t1 and a thickness of the elastic portion t2 satisfy the relationships of t0>t1 and tl2t2. - : . > - > / y . 

[0028] In one embodiment of the invention, each of the plurality of elastic supports has a substantially V-shaped 
30 cross-section;- - • ^ ■ < • • • 

[0029] In one embodiment of the Invention , each of the plurality of elastic supports has a substantially strip-like shape. 
[0030] In one embodiment of the invention, the at least one elastic support further includes a connection portion for 
connecting the fixing portion and the engagement portion to each other, and the elastic portion is fixed to the connection 
portion. 

35 [0031] In one embodiment of the invention, the elastic portion is fixed to the engagement portion. 

[0032] In one embodiment of the invention, the frame includes a pair of first shafts and a pair of second shafts shorter 
than the pair of first shafts, and the at least one elastic support is provided on at least one first shaft of the pair of first 
shafts. 

[0033] In one embodiment of the invention, the frame includes a pair of first shafts and a pair of second shafts shorter 
40 than the pair of first shafts, and the at least one elastic support is provided on at least one second shaft of the pair of 
second shafts. 

[0034] In one embodiment of the invention, the frame includes a plurality of comers, and the plurality of elastic 
supports are provided at respective comers. 

[0035] In one embodiment of the invention, the mask includes a damper provided at an end thereof for attenuating 
45 the vibration of the mask. 

[0036] In one embodiment of the invention, the electron gun includes an electric field electron emission element for 
reducing a cross-section of the at least one electron beam. 

[0037] In one embodiment of the invention, the at least one elastic support has a bimetal structure including a first 
metal area formed of a first metal having a first coefficient of thermal expansion and a second metal area formed of a 
so second metal having a second coefficient of thermal expansion which is less than the first coefficient of thermal ex- 
pansion, the first metal area and the second metal being joined together. 

[0038] In one embodiment of the invention, the first metal area formed of the first metal has a greater longitudinal 
size than a longitudinal size of the second metal area formed of the second metal. 

[0039] In one embodiment of the invention, the first metal includes stainless steel, and the second metal includes 
55 nickel steel. 

[0040] A cathode ray tube according to the present invention includes an electron gun for emitting at least one electron 
beam; a mask frame include a mask having a plurality of holes or slits for allowing the at least one electron beam to 
be transmitted therethrough and a frame to which the mask is attached; and a panel including a phosphor layer to be 
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scanned by the at least one electron beam transmitted through the plurality of holes or slits of the mask. The panel 
includes a plurality of stud pins for supporting the frame. The frame includes a plurality of elastic supports engaged 
with the plurality of stud pins. At least one of the plurality of elastic supports includes an engagement portion having 
an engaging hole which is engaged with one of the plurality of stud pins. The engagement portion includes a plurality 

5 of sliding pieces forming a funnel shape provided in the engaging hole. Mask frame vibration causes a surface of each 
of the plurality of sliding pieces to rub against a respective stud pin so as to generate a frictional force for attenuating 
the vibration of the mask frame. The above-described objective can be achieved by this structure. 
[0041] In one embodiment of the invention, the at least one elastic support includes a fixing portion for fixing the at 
least one elastic support to the frame, and a connection portion for connecting the fixing portion and the engagement 

10 portion. 

[0042] In one embodiment of the invention, the sliding piece has a length of about 0.5 mm or more and about 2.5 
mm or less. 

[0043] In one embodiment of the invention, each of the plurality of elastic supports has a substantially strip-like shape. 
[0044] In one embodiment of the invention, the mask includes a damper provided at an end thereof for attenuating 
15 the vibration of the mask. 

[0045] In one embodiment of the invention, the electron gun includes an electric field electron emission element for 
reducing a cross-section of the at least one electron beam. 

[0046] A cathode ray tube according to the present invention includes an electron gun for emitting at least one electron 
beam; a mask frame include a mask having a plurality of holes or slits for allowing the at least one electron beam to 

20 be transmitted therethrough and a frame to which the mask is attached; and a panel including a phosphor layer to be 
scanned by the at least one electron beam transmitted through the plurality of holes, or slits of the mask. The panel 
includes a plurality of stud pins for supporting the frame. The frame includes a plurality of elastic supports engaged 
with the plurality of stud pins. At least one of the plurality of elastic supports Includes an: engagement portion having • 
an engaging hole which is engaged with one of the plurality of stud pins. The engagement portion includes a central - 

25 portion having the engaging hole;- a first side portion separated from the central portion by a first cut, and a second 
side portion separated from the central portion by a second cut formed on an opposite side to the. first cut with respect . 
to the central portion. Maskframe vibration causes a cut sectional face of the central portion facing the first cut to rub 
against a cut sectional face of the first side portion so as to generate a frictional force for attenuating the vibration of 
< the maskframe. Mask frame vibration further causes another cut sectional face of the central portion facing the second 

30 cut to rub against a cut sectional face of the second side portion so as to generate a frictional force for attenuating the 
/ vibration of the mask frame, The above-described objectivecari be achieved by this structure. : 

[0047] In one embodiment of the invention, the at least one elastic support includes a fixing portion for fixing the at 
least one elastic support to the frame, and a connection portion for connecting the fixing portion and the engagement 
portion to each other. 

35 [0048] In one embodiment of the invention, each of the plurality of elastic supports has a substantially V-shaped 
cross-section. 

[0049] In one embodiment of the invention, the mask includes a damper provided at an end thereof for attenuating 
the vibration of the mask. 

[0050] In one embodiment of the invention, the electron gun includes an electric field electron emission element for 

40 reducing a cross-section of the at least one electron beam. 

[0051 ] A cathode ray tube according to the present invention includes an electron gun for emitting at least one electron 
beam; a mask frame include a mask having. a plurality of holes or slits for allowing the at least one electron beam to 
be transmitted therethrough and a frame to which the mask is attached; and a panel including a phosphor layer to be 
scanned by the at least one electron beam transmitted through the plurality of holes or slits of the mask. The panel 

45 includes a plurality of stud pins for supporting the frame. The frame includes a plurality of elastic supports engaged 
with the plurality of stud pins. At least one of the plurality of elastic supports includes an engagement portion having 
an engaging hole which is engaged with one of the plurality of stud pins and a fixing portion for fixing the at least one 
elastic support to the frame. The fixing portion includes a first bent portion and a second bent portion bent towards the 
engagement portion. The engagement portion includes a third bent portion bent so as to be in contact with the first 

so bent portion and a fourth bent portion bent so as to be in contact with the second first bent portion. Mask frame vibration 
causes the first bent portion to rub against the third bent portion so as to generate a frictional force for attenuating the 
vibration of the mask frame. The mask frame vibration further causes the second bent portion to rub against the fourth 
bent portion so as to generate a frictional force for attenuating the vibration of the mask frame so as to generate a 
frictional force for attenuating the vibration of the mask frame. The above-described objective can be achieved by this 

55 structure. 

[0052] In one embodiment of the invention, the at least one elastic support further includes a connection portion for 
connecting the fixing portion and the engagement portion to each other. 

[0053] In one embodiment of the invention, each of the plurality of elastic supports has a substantially V-shaped 
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cross-section. 

[0054] In one embodiment of the invention, the first bent portion has a fifth bent portion for restricting the engagement 
portion from moving in a direction away from the fixing portion, and the second bent portion has a sixth bent portion 
for restricting the engagement portion from moving towards the fixing portion. 
5 [0055] In one embodiment of the invention, the frame includes a plurality of comers, and the plurality of elastic 
supports are provided at respective comers. 

[0056] In one embodiment of the invention, the frame includes a pair of first shafts and a pair of second shafts shorter 
than the pair of first shafts, and the at least one elastic support is provided on at least one first shaft of the pair of first 
shafts. 

io [0057] In one embodiment of the invention, the frame includes a pair of first shafts and a pair of second shafts shorter 
than the pair of first shafts, and the at least one elastic support is provided on at least one second shaft of the pair of 
second shafts. 

[0058] In one embodiment of the invention, the mask includes a damper provided at an end thereof for attenuating 
the vibration of the mask. 

15 [0059] In one embodiment of the invention, the electron gun includes an electric field electron emission element for 
reducing a cross-section of the at least one electron beam. 

[0060] A cathode ray tube according to the present invention includes an electron gun for emitting at least one electron 
beam; a mask frame include a mask having a plurality of holes or slits for allowing the at least one electron beam to 
be transmitted therethrough and a frame to which the mask is attached; and a panel including a phosphor layer to be 
20 scanned by the at least one electron beam transmitted through the plurality of holes or slits of the mask. The panel 
includes a plurality of stud pins for supporting the frame. The frame includes a plurality of elastic supports engaged 
with the pluraHty of stud pins. At least one of the plurality of elastic supports Includes an engagement. portion having 
- an engaging hole which is engaged with one of the plurality of the stud pins, a-fixing portion for fixing the, at least one 

elastic support to the frame, and a connection portion for connecting the fixing portion and the engagement portion to 
25 each other. An area of the fixing portion S1, an area of the connection portion S2, and an area of the engagement 
• portion S3 -satisfy the relationships of S1£S2 and S1^S3. The above-described objective can be achieved by this 
v structure.*- . , . ;: * 

: . : • , 1 [0061] Inone embodiment of the invention; the fixing portion has a first surface which is in contact with.the frame r 
> . v and has a rough portion. The frame has arsecond surface which is in contact with the. fixing portion and, has a rough 
: , 30 ■■ .-. portion. The first surface and the second surface areiixed to each other by welding; l • •* ; - 

[0062] In one embodiment of the invention; the frame includes an attachment plate for fixing the fixing :portk>n. 
[0063] In one embodiment ofthe invention, the fixing portion ha 

plate and has a rough portion. The attachment plate has a second surface which is in contact with.the fixing portion 
and has a rough portion. The first surface and the second surface are fixed to each other by welding. 
35 [0064] In one embodiment of the invention, the fixing portion includes a welding area fixed to the frame by welding, 
and the welding area is provided on an opposite side to the connection portion with respect to a central border of the 
fixing portion. 

[0065] In one embodiment of the invention, an area of the fixing portion S1 , an area of the connection portion S2 
and an area of the engagement portion S3 satisfy the relationship of S1">S2>S3. 
40 [0066] In one embodiment of the invention, the fixing portion includes a bent portion bent towards the frame. 

[0067] in one embodiment of the invention, each of the plurality of elastic supports has a substantially V-shaped 
cross-section. 

[0068] I n one embodiment of the invention , each of the plurality of elastic supports has a substantially strip-like shape. 
[0069] In one embodiment of the invention, a ratio of a total area of the at least one elastic support and a weight of 
45 the frame is about 5 crr^/kg or more. 

[0070] In one embodiment of the invention, the frame includes a pair of first shafts and a pair of second shafts shorter 
than the pair of first shafts, and the at least one elastic support is provided on at least one first shaft of the pair of first 
shafts. 

[0071] In one embodiment of the invention, the frame includes a pair of first shafts and a pair of second shafts shorter 
so than the pair of first shafts, and the at least one elastic support is provided on at least one second shaft of the pair of 
second shafts. 

[0072] In one embodiment of the invention, the frame includes a plurality of comers, and the plurality of elastic 
supports are provided at respective comers. 

[0073] In one embodiment of the invention, the at least one elastic support has a bimetal structure including a first 
55 metal area formed of a first metal having a first coefficient of thermal expansion and a second metaJ area formed of a 
second metal having a second coefficient of thermal expansion which is less than the first coefficient of thermal ex- 
pansion, the first metal area and the second metal being joined together. 

[0074] In one embodiment of the invention, the first metal area formed of the first metal has a greater longitudinal 
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size than a longitudinal size of the second metal area formed of the second metal. 

[0075] In one embodiment of the invention, the mask includes a damper provided at an end thereof for attenuating 
vibration of the mask. 

[0076] In one embodiment of the invention, the electron gun includes an electric field electron emission element for 

5 reducing a cross-section of the at least one electron beam. 

[0077] A cathode ray tube according to the present Invention includes an electron gun for emitting at least one electron 
beam; a mask frame include a mask having a plurality of holes or slits for allowing the at least one electron beam to 
be transmitted therethrough and a frame to which the mask is attached; and a panel including a phosphor layer to be 
scanned by the at least one electron beam transmitted through the plurality of holes or slits of the mask. The panel 

w includes a first stud pin and a second stud pin for supporting the frame. The frame includes a first elastic support and 
a second elastic support respectively engaged with the first stud pin and the second stud pin. The first stud pin pres- 
surizes the first elastic support with a first pressure, and the second stud pin pressurizes the second elastic support 
with a second pressure which is substantially different from the first pressure. The above-described objective can be 
achieved by this structure. 

15 [0078] In one embodiment of the invention, the first pressure and the second pressure are each about 5 N or more 
and about 100 N or less. 

[0079] In one embodiment of the invention, the first elastic support and the second elastic support each have a spring 
coefficient of about 1 N/mm or more and about 25 N/mm or less. 

[0080] In one embodiment of the invention, the frame includes a pair of first shafts and apair of second shafts shorter 
20 than the pair of first shafts, and the at least one elastic support is provided on at least one first shaft of the pair of first 
shafts. 

[0081] In one embodiment of the invention, . the frame includes a pair of first shafts and a pair of second shafts shorter 
c v ; :-.*£than the pair of first shafts, and the at least one elastic support is provided on at least one;second shaft of the pair of 
second shafts. , ■■■■ •■«■. ■ .- - ^ :: ^zc:H 

25 ^ [0082] In one embodiment of the invention, the frame includes a plurality of comers;;and the plurality of elastic 
.-supports are provided at respective comers. • • -r^: : -» 

[0083] In one embodiment of the invention, the at least one elastic support has a bimetal structure including a first 
: metal area formed of a first metal having a first coefficient of thermal expansion andra second metal area-formed of a 
second metal having a second coefficient of thermal expansion which is less than, the first. coefficient of thermakexr: 
30 pansion, the first metal area and the second metal being joined together. >• : ^> 

[0084] In one embodiment of the invention, the first metal area formed of the first metal -has a greater longitudinal 
size than a longitudinal size of the second metal area formed of the second metab 

[0085] In one embodiment of the invention, each of the plurality of elastic supports has; a substantially V-shaped 
cross-section. 

35 [0086] In one embodiment of the invention, each of the plurality of elastic supports has a substantially strip-like shape. 
[0087] In one embodiment of the invention, the mask includes a damper provided at an end thereof for attenuating 
the vibration of the mask. 

[0088] In one embodiment of the invention, the electron gun includes an electric field electron emission element for 
reducing a cross-section of the at least one electron beam. 

40 [0089] A cathode ray tube according to the present invention includes an electron gun for emitting at least one electron 
beam; a mask frame include a mask having a plurality of holes or slits for allowing the at least one electron beam to 

be transmitted therethrough and a frame to which the mask is attached; and a panel including a phosphor layer to be 

scanned by the at least one electron beam transmitted through the plurality of holes or slits of the mask. The panel 
includes a plurality of stud pins for supporting the frame. The frame includes a plurality of elastic supports engaged 

45 with the plurality of stud pins. At least one of the plurality of elastic supports includes an engagement portion having 
an engaging hole which is engaged with one of the plurality of stud pins and an elastic portion in contact with the 
engagement portion. Mask frame vibration causes the elastic portion to rub against the engagement portion so as to 
generate a frictional force for attenuating the vibration of the mask frame so as to generate a frictional force for atten- 
uating the vibration of the mask frame. The above-described objective can be achieved by this structure. 

so [0090] In one embodiment of the invention, the elastic portion is provided on each of both sides of the engaging hole. 
[0091] In one embodiment of the invention, the elastic portion is a metal plate rolled into a cylindrical shape. 
[0092] In one embodiment of the invention, the elastic portion is formed of a metal plate bent into a leaf spring-shape. 
[0093] In one embodiment of the invention, the at least one elastic support includes a fixing portion for fixing the at 
least one elastic support to the frame, and the elastic portion is fixed to the fixing portion. 

55 [0094] In one embodiment of the invention, each of the plurality of elastic supports has a substantially V-shaped 
cross-section. 

[0095] In one embodiment of the invention, the mask includes a damper provided at an end thereof for attenuating 
the vibration of the mask. 
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[0096] In one embodiment of the invention, the electron gun includes an electric field electron emission element for 
reducing a cross-section of the at least one electron beam. 

[0097] An image display apparatus according to the present invention includes each of the above-described cathode 
ray tubes. The above-described objective can be achieved by this structure. 

[0098] According to one aspect of the invention, a cathode ray tube for substantially eliminating mislanding of electron 
beams can be provided since even when the frame vibrates, friction is generated between an elastic portion of an 
elastic support and a stud pin on the frame, which rapidly attenuates the vibration of the frame. 
[0099] According to another aspect of the invention, a cathode ray tube for substantially eliminating mislanding of 
electron beams can be provided since even when the frame vibrates, friction is generated between a plurality of sliding 
pieces forming a funnel shape of an elastic support and a stud pin on the frame, which rapidly attenuates the vibration 
of the frame. 

[0100] According to still another aspect of the invention, a cathode ray tube for substantially eliminating mislanding 
of electron beams can be provided since even when the frame vibrates, a cut sectional face of a central portion of an 
elastic support and a cut sectional face of each of side portions of the elastic support rub against each other, which 
rapidly attenuates the vibration of the frame. 

[0101] According to still another aspect of the invention, a cathode ray tube for substantially eliminating mislanding 
of electron beams can be provided since even when the frame vibrates, bent portions of an elastic support rub against 
each other, which rapidly attenuates the vibration of the frame. 

[0102] According to still another aspect of the invention, a cathode ray tube for substantially eliminating mislanding 
of electron beams can be provided since even when the frame vibrates, a fixing portion of an elastic support having 
the largest area rubs against the frame, which rapidly attenuates the vibration of the frame. 

[0103] According to still another aspect of the invention, a cathode ray tube for substantially eliminating mislanding 
of electron beams can be provided since even when a strong impact such, as an impact applied by a package dropping 
test is applied, a fixing portion of an elastic support and the frame which are welded together are prevented from being 
detached from each other, which rapidly attenuates the vibration of the frame. v — 

[0104] According to still another aspect of the invention, the distance between a welded area of the fixing portion 
and the engagement portion of an elastic support is extended, which can effectively restrict mislanding of the electron 
: beams causedtoy a temperature rise while thecathode ray tube is in operation . A non-welded area of the fixing portion 
which is between the welded area and the connection portion can be enlarged. When the frame vibrates, friction is. 
generated-between the non-welded area and. the. fixing portion. Therefore, the vibration of the frame can be rapidly 
attenuated/' \, \ ■ /. : ^, r .^ :.■■■ >■ >* *: • 

[0105] According to still another aspect of the invention, the internal stress of a plurality of elastic supports can be 
different. Therefore, even the elastic supports having the same shape can^be different in natural frequency and thus 
in resonance frequency. Thus, the vibration of the frame can be rapidly attenuated. 

[0106] According to still another aspect of the invention, vibration energy of the mask of the cathode ray tube can 
be converted into friction energy by a damper, which rapidly attenuates the vibration of the frame. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0107] 

Figure 1 A is a schematic view of a cathode ray tube in Example 1 according to the present invention. 

Figure 1 B shows a mask frame supporting device shown in Figure 1 A. 

Figure 1C shows a structure of the mask frame shown in Figure 1 A. 

Figure 2A is a schematic view of an elastic support in the cathode ray tube in Example 1 . 

Figure 2B is a side view of the elastic support in the cathode ray tube in Example 1 . 

Figure 3A is a schematic view of an elastic support in a cathode ray tube in Example 2. 

Figure 3B is a side view of the elastic support in the cathode ray tube in Example 2. 

Figure 4 A is a schematic view of an elastic support in a cathode ray tube in Example 3. 

Figure 4B is a side view of the elastic support in the cathode ray tube in Example 3. 
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Figure 5A is a schematic view of an elastic support in a cathode ray tube in Example 4. 
Figure 5B is a side view of the elastic support in the cathode ray tube in Example 4. 
Figure 6 Is a schematic view of an elastic support in a cathode ray tube in Example 5. 
Figure 7A is a schematic view of an elastic support in a cathode ray tube in Example 6. 
Figure 7B is a side view of the elastic support in the cathode ray tube in Example 6. 
Figure 8A is a schematic view of a cathode ray tube in Example 7 according to the present invention. 
Figure 8B shows a mask frame supporting device shown in Figure 8A. 
Figure 8C shows a structure of the mask frame shown in Figure 8A. 
Figure 9 A is a schematic view of an elastic support in the cathode ray tube in Example 7. 
Figure 9B is a plan view of the elastic support in the cathode ray tube in Example 7. 
Figure 1 0A is a schematic view of an elastic support in a cathode ray tube in Example, 8. 
Figure 1 0B is a plan view of the elastic support in the.cathode ray tube in Example 8. 
Figure 11 A is a schematic view of an elastic support™ a cathode ray tube in Example 9. 
Figure 11 B is a plan view of the elastic support In. the cathode ray tube in Example 9. : 
Figure 1-2 A is a schematic view of an elastic support in a cathode ray tube in Example -10; » 
Figure 12B is a plan view of the elastic support in the cathode ray tube in Example 10. 
Figure 13A is a schematic view of the elastic support in the cathode ray tube in Examples 11 through 13 and 20. 
Figure 13B is a plan view of the elastic support in the cathode ray tube in Examples 11 through 13 and 20. 
Figure 14 is a schematic view of an elastic support in a cathode ray tube in Example 14. 
Figure 15A is a schematic view of an elastic support in a cathode ray tube in Example 1 5. 
Figure 15B is a plan view of the elastic support in the cathode ray tube in Example 15. 
Figure 16A is a schematic view of an elastic support in a cathode ray tube in Examples 16, 17 and 21 . 
Figure 1 6B is a plan view of the elastic support in the cathode ray tube in Examples 16,17 and 21 . 
Figure 17A is a schematic view of an elastic support in a cathode ray tube in Example 1 8. 
Figure 17B is a plan view of the elastic support in the cathode ray tube in Example 1 8. 
Figure 18 is a schematic view of an elastic support in a cathode ray tube in Examples 19 and 21 . 
Figure 19 is a schematic view of a damper in a cathode ray tube in Example 21 . 
Figures 20A is a schematic view of a conventional cathode ray tube. 
Figure 20B shows a mask frame supporting device shown in Figure 20A. 
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Figure 21 A is a schematic view of another conventional cathode ray tube. 
Figure 21 B shows a mask frame supporting device shown in Figure 21 A. . 
Figure 22A is a bottom view of a conventional elastic support shown in Figure 22A. 
Figure 22B is a front view of the conventional elastic support shown in Figure 22A. 
Figure 22C is a side view of the conventional elastic support shown in Figure 22A. 
Figure 23 A is a schematic view of another conventional elastic support. 

Figure 23B is a cross-sectional view of the another conventional elastic support shown in Figure 23A. 
BEST MODE FOR CARRYING OUT THE INVENTION 

[0108] Hereinafter, the present invention will be described by way of examples with reference to drawings. 
(Example 1) -t 

[0109] Figure 1A shows a cathode ray tube 100 in Example 1 according to the present invention. Figure 1B is a 
cross-sectional view of the cathode ray tube 100 shown in Figure 1A taken along lines G-C in Figure 1 A. The cathode 
ray tube 100 includes a substantially quadrangular panel 103 having an effective display section 101 and a side wall 
102 provided around four sides thereof, and a funnel 105 including a neck 104. 

[0110] On an inner surface of the effective: display section 101 of the panel 103,. a phosphor screen 106 is provided; 
The phosphor screen 106 includes three color phosphor elements respectively providing red (R), green (G) and blue 
(B) light, which are arranged two-dimensionally. A mask frame 110 is engaged with the panel 103 so as to face the\ 
phosphor screen i1 06 by a mask frame supporting device described later. The mask frame 11 0. includes a frame 109 
and a substantially quadrangular mask 108^attached to the frame 109. The mask 108 has a gradual curved surface, 
which has a plurality of electron beam transmission holes (or slits) 107. 

[0111] Figure 1C is an isometric view of the. mask frame 110. As shown in Figure 1C, the frame 109. of the mask 
frame 110 includes two first shafts 109a and two second shafts 109b. The first shafts 109a are longer than the second 
shafts 109b. The first shafts 109a each havera triangular (or L-shaped) cross-section and are formed of an Fe-Ni alloy. 
The two second shafts 109b each have a generally U-shaped (or L-shaped, quadrangular or polygonal) cross-section 
and are formed of an Fe-Ni alloy. The mask 108 is welded to and extended between the two first shafts 109a. Generally, 
the mask 1 08 is formed of the same material as that of the frame 109. When a type of the Fe-Ni alloy which contains 
36 wt.% of Ni (commercially referred to as "Invar") is used, the coefficient of thermal expansion can be reduced and 
thus the thermal deformation in operation can be minimized. The frame 109 is provided with an inner magnetic shield 
111 (Figure 1 A) for shielding an external magnetic field such as geomagnetism. 

[0112] The neck 104 of the funnel 105 accommodates an electron gun 114 for emitting three electron beams 112, 
and a deflection yoke 1 1 3 is provided on an outer surface of the funnel 1 05. A color image is displayed by deflecting 
the three electron beams 112 by a magnetic field generated by the deflection yoke 113 and horizontally and vertically 
scanning the phosphor screen 106 with the three electron beams 112 through the mask 108. 

[0113] The mask frame supporting device for engaging the mask frame 110 with the panel 103 will be described with 
reference to Figure 1 B. The mask frame supporting device includes stud pins 115 respectively attached to four inner 
faces of the side wall 102 of the panel 103, and elastic supports 116 respectively fixed to the two first shafts 109a and 
the two second shafts 109b of the frame 109. Each stud pin 115 is attached to a substantially central position of the 
respective inner face of the side wall 102, and each elastic support 116 is fixed to a substantially central position of 
the respective shaft 109a or 109b. The elastic supports 116 are formed of stainless steel or an MN-15M alloy. The 
elastic supports 116 and the stud pins 115 are respectively detachably engaged with each other. 
[01 14] Referring to Figure 1 C, each elastic support 1 16 is fixed to the respective shaft 109a or 109b by, for example, 
welding through an attachment plate 117 at a position where the elastic support 1 1 6 can be accurately engaged with 
a respective stud pin 115. Each attachment plate 1 1 7 is directly fixed to the respective shaft 109a or 1 09b by welding. 
[0115] Figure 2A is an isometric view of the elastic support 116, and Figure 2B is a side view of the elastic support 
116. The description below will be done regarding one elastic support 11 6 for convenience unless specified otherwise. 
[0116] As shown in Figures 2A and 2B, the elastic support 116 includes a fixing portion 201 to be fixed to the sub- 
stantially central position of the respective shaft 109a or 109b by welding or the like, an engagement portion 203 
including a flat surface having an engaging hole 202 through which the stud pin 115 is inserted, and a connection 
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portion 204 which is inclined with respect to the fixing portion 201 a nd the engagement portion 203 for connecting the 
fixing portion 201 and the engagement portion 203 together The connection portion 204 and the engagement portion 
203 are bent with respect to each other along a bending edge 207. The connection portion 204 is shown as being flat 
in Figures 2A and 2B, but can be curved. The connection portion 204 can be curved by a plurality of bending edges 

5 which are parallel to the bending edge 207. The connection portion 204 can have a hole 205 for reducing a spring 
coefficient of the engagement portion 203 so as to facilitate the detachment of the mask frame 109 from the panel 103. 
The engagement portion 203 and the connection portion 204 are integrally formed by bending processing, and the 
connection portion 204 and the fixing portion 201 are joined to each other by welding respective ends thereof. Welding 
points 208 are indicated with an "X". 

10 [0117] The elastic support 116 further includes an elastic portion 206 formed of a metal plate rolled into a cylindrical 
shape. The elastic portion 206 is fixed to the fixing portion 201 at a point 209 by welding or the like. When the stud pin 
115 is inserted through the engaging hole 202, a tip 115a of the stud pin 115 is constantly in contact with the elastic 
portion 206. Accordingly, when the mask frame 110 vibrates in axia! directions of the cathode ray tube 100 (in directions 
indicated by the two-headed arrow B1 in Figure 1 A, i.e., in directions indicated by the two-headed arrow B2 in Figure . 

15 2B), the tip 115a of the stud pin 115 rubs against the elastic portion 206. At this point, vibration energy is converted 
into friction energy, and thus the vibration of the mask frame 110 is rapidly attenuated. 

[0118] When the mask frame 110 vibrates in planar directions (directions perpendicular to the directions indicated 
by the two-headed arrow B1 in Figure 1A), the frame 109 pushes and pulls the elastic support 116. Therefore, the 
elastic support 116 moves the frame 109 in the axial directions. As a result, an effect similar to the above-described 
20 effect is obtained. 

[0119] The cathode ray tube 100 having the above-described structure was incorporated into a commercially avail- > 

able TV. While each of single^color images of R, G and B was displayed/ the frequency of an attached speaker was:. 

swept from 70 Hz to 15000 Hrat an output of 10 W. No degradation of color purity was observed. i/:^ic< ^. 

[0120] For comparison, a comparative cathode ray tube (not shown; referred to as "cathode ray tube (l)'kfor con- * 
25 venience) having the same structure as that of the cathode ray tube- 1 00 except that the elastic supports do not have 

elastic portions was incorporated into a commercially available TV and vibration of the above-described speaker was 

applied to the comparative cathode ray tube-(1 ). A degradation of cole r purity was observed in the image due to vibration; v 

of a frequency oteven 80 Hz.to 130 Hz. Even after the vibration of the speaker was stopped,the degradation of color 
•<-.?.; purity caused by the vibration of the mask frame was still observed tor several seconds or longer; v v • rarrr*' 

30. [0121] Based on these results,:it is considered that the cathode rey tube 100 having the. structure in Example 1 did 

not cause degradation of/color purity for the following reason. When the mask frame 110 was vibrated due to the, & 
... vibration otthe' speaker, the elastic portion 206 of each elastic support 116 rubbed against the tip 11 5a of a. respective ,v : 

stud pin 115, and the friction between the elastic portion 206 and the tip 115a rapidly attenuated the vibration, thus*r 4 

preventing degradation of color purity. 
35 [0122] In the above example, all four of the elastic supports 116 have the structure shown in Figures 2A and 2B. A 

similar effect is provided when at least one of the four elastic supports is the elastic support 116 shown in Figures 2A 

and 2B while the other elastic supports do not have any elastic portion 206. 

[0123] The fixing portion 201 has a thickness of about 0.3 mm or more, preferably about 1 mm or more, and in 
consideration of weight and cost, about 3 mm or less. The connection portion 204 and the engagement portion 203 

40 each have a thickness of about 0.3 mm or more and preferably less than the thickness of the fixing portion 201 . The 
thickness of each of the connection portion 204 and the engagement portion 203 is preferably about 1 mm or less in 
order to have an appropriate level of elasticity so that the mask frame 110 can be relatively easily detached from the 
panel 103 during the production process. The elastic portion 206 preferably has a thickness of equal to or less than 
the thickness of the connection portion 204 and the engagement portion 203, and more preferably about 0.05 mm or 

45 more and about 0.3 mm or less. The elastic portion 206 may be opened or closed at each of two ends of the cylindrical 
shape. 

[0124] A thousand or more cathode ray tubes 100 in Example 1 were produced, and no trouble was experienced in 
detaching the mask frame 110 from the panel 1 03 during the process of forming the phosphor layer, such that the yield 
of the cathode ray tube 100 was 100%. 



so 



(Example 2) 



[0125] In Example 2 according to the present invention, a cathode ray tube having the structure shown in Figures 
1A through 1C includes elastic supports 11 6A shown in Figures 3A and 3B instead of the elastic supports 116 shown 
55 in Figures 2A and 2B. Identical elements previously discussed with respect to Figures 2A and 2B bear identical ref- 
erence numerals and the descriptions thereof will be omitted. The description below will be done regarding one elastic 
support 11 6A for convenience unless specified otherwise. 

[0126] The elastic support 116A includes an elastic portion 301 having a different structure from that of the elastic 
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portion 206. The elastic portion 301 is a metal plate bent into a leaf spring shape. One of two ends of the elastic portion 
301 is fixed to the fixing portion 201 by welding. As in the structure shown in Figures 2A and 2B, when the stud pin 
115 is inserted through the engaging hole 202, the tip 11 5a of the stud pin 115 is constantly in contact with the elastic 
portion 301. 

5 [0127] When the mask frame 110 (Figure 1A) vibrates in directions indicated by the two-headed arrow B2 in Figure 
3B, the tip 115a of the stud pin 115 rubs against the elastic portion 301 to cause friction. Thus, the vibration of the 
mask frame 1 10 is rapidly attenuated. 

[0128] The cathode ray tube including the elastic supports 116A was incorporated into a commercially available TV, 
and vibration of a speaker was applied as in Example 1 . No degradation of color purity was observed. The thicknesses 
10 of the fixing portion 201, the connection portion 204, the engagement portion 203, and the elastic portion 301 are 
substantially the same as those in Example 1 . 

(Example 3) 

15 [0129] In Example 3 according to the present invention, a cathode ray tube having the structure shown in Figures 
1 A through 1 C includes elastic supports 11 6B shown in Figures 4A and 4B instead of the elastic supports 116 shown 
in Figures 2A and 2B. Identical elements previously discussed with respect to Figures 2A and 2B bear identical ref- 
- erence numerals and the descriptions thereof will be omitted. The description below will be done regarding one elastic 
support 1 1 6B for convenience unless specified otherwise. & 
20 [0130] The elastic support 116B includes an elastic portion 401 having a different structure from that of the elastic 
portion 206. The elastic portion 401 includes two metal plates each rolled into a cylindrical shape. The two metal plates 
in the cylindrical shape are fixed to the fixing portion 201. by welding so as to have the engaginghole'202 interposed. 
When the stud pin (not shown) is inserted through the engaging hole 202, an outer surface 402 of each elastic portion 
401 and an inner surface 403 of the engagement portion 203 are constantly in contact with each other.- 
25 [0131] Accordingly, when the mask frame 110 (Figure 1 A) vibrates in directions indicated by. the;two-headed arrow 
B2 m Figure 4B, the inner surface 403 of the engagement portion 203 rubs against the outer surface 402 in each elastic 
portion 401 to cause friction. Thus, the vibratiorr'of the mask frame 110 is rapidly attenuated:: * x. 
I.-: 4 [01 32] - When the mask frame 110 vibrates in planar directions (directions perpendicular to the directions indicated 
^r r ; by the two-headed arrow B1), the vibration of the mask frame 11 0 is restricted ^described in Example.1. 
-: 30. [0133] The cathode ray tube including the elastic supports 116B was incorporated into a commercially available TV, 
r ^ and vibration of a speaker was applied as in. Example 1 . No degradation of color purity was observed. The thicknesses 
of the fixing portion 201, the connection portion 204, the engagement portion 203, and the: elastic portion 401 are 
substantially the same as those in Example^.: * ■ . , . 

[0134] A combined use of the elastic support 11 6B and the elastic portion 206 (Example 1) and/or 301 (Example 2) 
35 can enhance the attenuation effect of the vibration of the mask frame 110. The elastic portion 401 may be fixed to the 
connection portion 204 or the engagement portion 203 instead of being fixed to the fixing portion 201, such that a 
similar effect can be provided. 

(Example 4) 

40 

[0135] In Example 4 according to the present invention, a cathode ray tube having the structure shown in Figures 
— 1 A through 1 C includes elastic supports 1 1 6C shown in Figures 5A and 5B instead of the elastic supports 116 shown 
in Figures 2A and 2B. Identical elements previously discussed with respect to Figures 2A and 2B bear identical ref- 
erence numerals and the descriptions thereof will be omitted. The description below will be done regarding one elastic 

45 support 1 1 6C for convenience unless specified otherwise. 

[0136] The elastic support 116C includes an elastic portion 501 having a different structure from that of the elastic 
portion 206. The elastic portion 501 includes two metal plates each bent into a leaf spring shape. The two metal plates 
in the leaf spring shape are each fixed to the fixing portion 201 along an end thereof by welding so as to have the 
engaging hole 202 interposed. When the stud pin 115 (not shown) is inserted through the engaging hole 202, an outer 

50 surface 502 of each elastic portion 501 and an inner surface 503 of the engagement portion 203 are constantly in 
contact with each other. 

[0137] Accordingly, when the mask frame 110 (Figure 1 A) vibrates in directions indicated by the two-headed arrow 
B2 in Figure 5B and the directions perpendicular thereto, the inner surface 503 of the engagement portion 203 rubs 
against the outer surface 502 in each elastic portion 501 to cause friction. Thus, the vibration of the mask frame 110 
55 is rapidly attenuated. 

[0138] The cathode ray tube including the elastic supports 116C was incorporated into a commercially available TV, 
and vibration of a speaker was applied as in Example 1 . No degradation of color purity was observed. The thicknesses 
of the fixing portion 201, the connection portion 204, the engagement portion 203, and the elastic portion 501 are 
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substantially the same as those in Example 1 . 

[0139J A combined use of the elastic support 116C and the elastic portion 206 (Example 1) and/or 301 (Example 2) 
can enhance the attenuation effect of the vibration of the mask frame 110. 

5 (Example 5) 

[0140] In Example 5 according to the present invention, a cathode ray tube having the structure shown in Figures 
1 A through 1C includes elastic supports 116D shown in Figure 6 instead of the elastic supports 116 shown in Figures 
2A and 2B. Identical elements previously discussed with respect to Figures 2A and 2B bear identical reference nu- 
10 merals and the descriptions thereof will be omitted. The description below will be done regarding one elastic support 
116D for convenience unless specified otherwise. 

[0141] The elastic support 11 6D has two cuts 601a and 601b so as to have the engaging hole 202 interposed. That 
is, the engagement portion 203 is divided into a central portion 602 and two side portions 603a and 603b by the cuts 
601 a and 601 b, respectively. 

is [0142] Accordingly, when the mask frame 110 (Figure 1 A) vibrates in directions indicated by the two-headed arrow 
B2 in Figure 5B and directions perpendicular thereto, the central portion 602 and the side portions 603a and 603b 
move differently from each other. Thus, a cut sectional face of the central portion 602 facing the side portion 603a rubs 
against a cut sectional face of the side portion 603a so as to cause friction, and a cut sectional face of the central 
portion 602 facing the side portion 603b rubs against a cut sectional face of the side, portion 603b so as to cause 
20 friction. As a result, the vibration of the mask frame 110 is rapidly attenuated. 

[0143] The cathode ray tube including the elastic supports 116D was incorporated into a commercially available TV, . 
»i - and vibration of a speaker was applied as in Example 1 . No degradation of color purity.was observed. The thicknesses 
^i i- v v^of xthe fixing portion 201; the connection portion 204, the engagement portion:;203, and; the elastic portion; 601 are 
2: ^substantially the same as those in Example 1 ; -■■.>*.-• J ; a^ ^^v . ;• ••>r--. 

25y -..>-■ [0144] A combined use of the elastic supports 116D in Example 5 and the elastic:p.ortion 206 (Example 1) and/or 
%v/-v.-^'301- (Example 2) can enhance the attenuation effect of the vibration of the mask framed 10. 

■-, ,vv<r : *. v .:: - t ; v. :• . I U *.■*«?•:..•■>.■ SV,.t : -c 

£«•>?. v£; : ^Example 6) : ^ • •■ l ■■' - ■ : - yr-^-l* ■ : v ' 

30 fj [0145] In Example 6 according to the: present invention, a cathode ray tube having the^structure; shown in Figures: 
v*v • - :1 Athrough 1C includes elastic supports 116E showrt in Figures 7A and 7B instead of ^elastic supports 116 shown - 
■ J£ ^Figures 2A and 2B. Identical elements previously discussed with respect to Figures-2A>and 2B bear identical ref- 
erence numerals and the descriptions thereof will be omitted. The description below wilUbe done regarding one elastic: 
support 1 16E for convenience unless specified otherwise. 

35 [0146] In the elastic support 116E, the fixing portion 201 includes two bent portions 701 and 702 bent towards the 
engagement portions 203, and the engagement portion 203 includes two bent portions 703 and 704 bent towards the 
fixing portion 201 . As best shown in Figure 7B, the bent portion 702 covers the bent portion 704 so that an inner surface 
711 of the bent portion 702 is in contact with an outer surface 712 of the bent portion 704. The bent portion 703 covers 
the bent portion 701 so that an inner surface 714 of the bent portion 703 is in contact with an outer surface 713 of the 

40 bent portion 701. 

[0147] Accordingly, when the mask frame 110 (Figure 1 A) vibrates in directions in Figure 7A indicated by the double- 
headed arrow B2 (i.e. directions perpendicular to the sheet of Figure 7B) and directions parallel to the sheet of Figure 
7B, the inner surface 71 1 of the bent portion 702 rubs against the outer surface 71 2 of the bent portion 704 to cause 
friction, and the inner surface 714 of the bent portion 703 rubs against the outer surface 713 of the bent portion 701 

45 to cause friction. As a result, the vibration of the mask frame 1 10 is rapidly attenuated. 

[0148] The bent portion 702 includes a further bent portion 705 bent so as to partially cover an outer surface 715 of 
the engagement portion 203. The engagement portion 203 includes an extended portion 706 extending to the bent 
portion 703, and the bent portion 701 includes a further bent portion 717. Due to such a structure, the elastic support 
1 1 6E has another function of preventing an excessive deformation of the elastic support 1 16E and thus preventing the 

so electron beams from landing at unintended, shifted positions when a large externaJ impact caused by a package drop- 
ping test, for example, is applied to the cathode ray tube. This function is provided by the following principle. 
[0149] When the elastic support 1 1 6E receives an impact which moves the engagement portion 203 away from the 
fixing portion 201, the bent portion 705 touches the outer surface 715 of the engagement portion 203, restricting the 
engagement portion 203 from moving away from the fixing portion 201. When the elastic support 116E receives an 

55 impact which moves the engagement portion 203 towards the fixing portion 201 , an inner surface 71 6 of the extended 
portion 706 touches the bent portion 71 7, restricting the engagement portion 203 from moving towards the fixing portion 
201. 

[0150] The cathode ray tube including the elastic supports 116E was incorporated into a commercially available TV, 
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and vibration of a speaker was applied as in Example 1 . No degradation of color purity was observed. The TV was 
dropped from a prescribed height in various orientations. No degradation of color purity was observed. The test was 
repeated several times. Unlike the conventional elastic support 1914 shown in Figures 22A through 22C, the bent 
portions of the elastic supports 1 16E were never locked with each other to be unmovable. 

[0151 J The thicknesses of the fixing portion 201 , the connection portion 204, and the engagement portion 203 are 
substantially the same as those in Example 1 . 

[0152] The elastic supports 116, 116A, 116B, 116C, 116D and 116E may be provided at the four comers of the 
mask frame 1 1 0 as shown in Figure 20B, such that a similar effect can be provided. In such a case, however, the fixing 
portion 201 needs to be reduced so as to fit a size of the comer areas which are relatively small. 

(Example 7) 



[0153] Figure 8A shows a cathode ray tube 800 in Example 7 according to the present invention. Figure 8B is a 
cross-sectional view of the cathode ray tube 800 shown in Figure 8A taken along line D-D in Figure 8A. The cathode 
is ray tube 800 includes a substantially quadrangular panel 803 having an effective display section 801 and a side wall 
802 provided around four sides thereof, and a funnel 805 including a neck 804. 

[0154] On an inner surface of the effective display section 801 of the panel 803, a phosphor screen 806 is provided; 
The phosphor screen 806 includes three color phosphor elements respectively providing red (R), green (G) and blue 
(B) light, which are arranged two-dimensionally. A mask frame 810 is engaged with the panel 803 so as to face the 
20 phosphor screen 806 by a mask frame supporting device described later. The mask frame 810 includes a frame 109 
and a substantially quadrangular mask 108 attached to the frame 109. The mask 108 has a gradual curved surface, 
which has a plurality of electron beam transmission holes (or slits) 807. 
>Mi3*sh [0155] Figure 8C is an'isometric view of the mask frame 810. As shown in Figure 8C, the frame 809 of jthe mask v 

v frame 810 includes two first shafts 809a and two second shafts 809b. The first shafts 809a each; have* an L-shaped- - 

r\r>#m% : .. 25 cross-section and are formed of an Fe-Cr-Mo alloy. The two second shafts^809b each +iave a generally U-shaped or 
**8f < - polygonal cross-section and are formed of an Fe-Cr-Mo alloyrThe first shafts 801a and the second shafts 809b are < 

firmly fixed to each other by welding. The mask 808 is welded to and extended between the two first shafts~809a. The i 
w frame 809 is providedwith an inner magnetic shield B11 (Figure 8A) forshielding ajv external magnetic field such as. jv,-r « ; 
y:ii:*k"-;'" ^geomagnetism . ;, ■t^ :v^.;.\. = r y.\ .v.r^^>r •v-v-/ ■ :■. 

iv^ ^ 30 [0156] The^neck 804 of the funnel.805 accommodates an electron gun 814 for emitting three electron bearns 812, ? 
■.■ite ?and a deflection yoke 813 is provided on an outer surface of the funnel 805. A color-image is.displayed by deflecting- -^v\\ ? *.*k s$ 

r^?&- the three electron beams 812 by a magnetic field generated by thedef lection yoke 813/and horizontally and vertically ■? -x^ 

■*:->e- t - v scanning the phosphor screen 806 with the three electron beams 812 through the mask808; - f - 

[0157] The mask frame supporting device for engaging the mask frame 810 with the panel 803 will be described with 
35 reference to Figure 8B. The mask frame supporting device includes stud pins 815 respectively attached to four inner 
faces of the side wall 802 of the panel 803, and elastic supports 816 respectively fixed to the two first shafts 809a and 
the two second shafts 809b of the frame 809. Each stud pin 815 is attached to a substantially central position of the 
respective inner face of the side wall 802, and each elastic support 816 is fixed to a substantially central position of 
the respective shaft 809a or 809b. The elastic supports 81 6 and the stud pins 81 5 are respectively detachably engaged 
40 with each other. 

[01 58] Referring to Figure 8C, each elastic support 81 6 is fixed to the respective shaft 809a or 809b by, for example, 
welding through an attachment plate -817- at a position where the elastic support 816 can be accurately engaged with 
a respective stud pin 815. Each attachment plate 817 is directly fixed to the respective shaft 809a or 809b by welding. 
[0159] Figure 9A is a front view of the elastic support 816, and Figure 9B is a plan view of the elastic support 816. 

45 The description below will be done regarding one elastic support 816 for convenience unless specified otherwise. 

[0160] As shown in Figures 9A and 9B, the elastic support 816 is a strip-like shaped plate having a thickness of 
about 1.2 mm and is bent at bending edges 825 and 826. The elastic support 816 includes a fixing portion 819 to be 
fixed to the attachment plate 817, an engagement portion 820 having an engaging hole 818 through which the stud 
pin 115 is inserted, and a connection portion 821 for connecting the fixing portion 819 and the engagement portion 

50 820 together. The fixing portion 819 and the connection portion 821 are distinguished from each other by the bending 
edge 825, and the connection portion 821 and the engagement portion 820 are distinguished from each other by the 
bending edge 826. The elastic support 816 has a bimetal structure including a metal piece 822 formed of a metal 
having a relatively large coefficient of thermal expansion (for example, stainless steel) and a metal piece 823 formed 
of a metal having a relatively small coefficient of thermal expansion (for example, an Fe-Ni alloy, such as Invar). The 

55 metal pieces 822 and 823 are superimposed on each other by welding. 

[01 61 ] During the operation of the cathode ray tube 800, the mask frame 81 0 is heated and expanded by the scan ning 
of the electron beams 812 (Figure 8A). In this case, the relative positions between the electron beam transmission 
holes 807 and the phosphor screen 806 may be undesirably shifted from each other by the expansion of the mask 
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frame 810, which may cause misianding of the electron beams 812 (this phenomenon is referred to as "doming"). At 
this point, the temperature of the elastic supports 816 is also raised. Accordingly, the bimetal structure of the elastic 

. supports 816 can adjust the position of the mask frame 810 to compensate for the doming. 

[0162] It is not necessary to provide the bending edges 825 and 826. Even in the structure where no bending edge 

5 is provided, the engagement portion 820 and the connection portion 821 can be distinguished from the fixing portion 
819 as follows. When the stud pin 815 is inserted through the engaging hole 818, an area in the vicinity of the engaging 
hole 818 becomes substantially parallel to the attachment plate 817 due to the elasticity of the elastic support 816. 
This area can be identified as the engagement portion 820. The area between the fixing portion 81 9 and the engagement 
portion 820 is inclined with respect thereto. This inclined area can be identified as the connection portion 821 . 

10 [0163] The elastic support 816 includes an elastic portion 824. The elastic portion 824 is a metal plate rolled into a 
leaf spring shape. One of two ends of the elastic portion 824 is fixed to the fixing portion 819 by welding. As best shown 
in Figure 9B, the elastic portion 824 is sandwiched between the fixing portion 819 and the attachment plate 817. The 
other end of the elastic portion 824 is constantly in contact with a tip 831 of the stud pin 815 when the stud pin 815 is 
inserted through the engaging hole 818. Accordingly, when the mask frame 810 (Figure 8A) vibrates in axial directions 

15 of the cathode ray tube 800 (in directions indicated by the two-headed arrow B1 in Figure 8A, i.e., in directions per- 
pendicular to the sheet of Figure 9B) and directions parallel to the sheet of Figure 9B, tip 831 of the stud pin 815 rubs 
against the elastic portion 824. At this point, vibration energy is converted into friction energy, and thus the vibration 
of the mask frame 81 0 is rapidly attenuated. 

[0164] The cathode ray tube 800 having the above-described structure was incorporated into a commercially avail- 
20 able TV. Vibration of a speaker was applied to the cathode ray tube 800 as in Example 1 , and no degradation of color 
purity-was observed. The reason is considered to be the following. When the mask frame 810 was vibrated due to the 
vibration of the speaker, the elastic portion 824 of each elastic support 816 rubbed against the tip 831 of iel respective 
■ stud pin 815, and the friction between the elastic portion 824 and the tip 831 rapidly attenuated^the vibration, thus 
tf preventing degradation of color purity. • - h . ^ - - •.v^.^:^ 

25 r* [0165] Each ;elastic support 816 has a thickness of about;1 mm or more, preferably;about 1.2 mm or more, and in 
• consideration of the practical spring coefficient and material costs, about 3 mm or less. The elastic portion. 824 preferably 
has a smaller thickness than the other portions ofthe elastic support 816 in order to have-an appropriate, level of 
■i~\u- elasticity. The elastic portion 824 preferably has a thickness of about 0.05 mm or more and about Q.5 mm or less. The 
• - elastic portion 824 may have a bimetal structure like the elastic support 816. -\\::^-s t - ; • . . 

30 -.V: :{0166I A thousand or more cathode ray tubes 800 in Example 7 were produced, and* no trouble was experienced in 
•z \k * detaching the mask frame 810 from the panel 803 during the^process of forming the phosphor layer, such^that the yield 
* ; of the cathode ray tube 800 was 100%. - .-. ^v- ■ ? ^ 7; t ^ ;>« 

(Example 8) 

35 

[0167] In Example 8 according to the present invention, a cathode ray tube having the structure shown in Figures 
8A through 8C includes elastic supports 81 6 A shown in Figures 1 0A and 1 0B instead of the elastic supports 81 6 shown 
in Figures 9A and 9B. Identical elements previously discussed with respect to Figures 9A and 9B bear identical ref- 
erence numerals and the descriptions thereof will be omitted. The description below wilt be done regarding one elastic 

40 support 81 6A for convenience unless specified otherwise. 

[0168] The elastic support 81 6A includes an elastic portion 901 having a different structure from that of the elastic 

portion 824.The elastic portion 901 is a metal plate bent into a leaf spring shape. One of two ends of the elastic portion 

901 is fixed to the connection portion 821 at a welding point 902 by welding. As in the structure shown in Figure 9B, 
when the stud pin 815 is inserted through the engaging hole 818, the tip 831 of the stud pin 815 is constantly in contact 

45 with the elastic portion 901 . 

[0169] When the mask frame 810 (Figure 8A) vibrates in directions perpendicular to the sheet of Figure 10B and 
directions parallel to the sheet of Figure 10B, the tip 831 of the stud pin 815 rubs against the elastic portion 901 to 
cause friction. Thus, the vibration of the mask frame 810 is rapidly attenuated. 

[01 70] The cathode ray tube including the elastic supports 81 6A was incorporated into a commercially available TV, 
so and vibration of the speaker was applied. No degradation of color purity was observed. The thickness of each portion 
of the elastic support 81 6A is the same as that of the elastic support 816 in Example 8. 

(Example 9) 

55 [0171] In Example 9 according to the present invention, a cathode ray tube having the structure shown in Figures 
8A through 8C includes elastic su pports 81 6B shown in Figures 1 1 A and 1 1 B instead of the elastic supports 81 6 shown 
in Figures 9A and 9B. Identical elements previously discussed with respect to Figures 9A and 9B bear identical ref- 
erence numerals and the descriptions thereof will be omitted. The description below will be done regarding one elastic 
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support 816B for convenience unless specified otherwise. 

[0172] The elastic support 81 6B includes an elastic portion 1001 having a different structure from that of the elastic 
. portion 824. The elastic portion 1 001 is a metal plate, one of two ends of which is fixed to the engagement portion 820 
at a welding point 1002 by welding. As in the structure shown in Figure 9B, when the stud pin 815 is inserted through 
s the engaging hole 818, the tip 831 of the stud pin 815 is constantly in contact with the elastic portion 901. 

[0173] When the mask frame 810 (Figure 8A) vibrates in directions perpendicular to the sheet of Figure 11 B and 
directions parallel to the sheet of Figure 11 B, the tip 831 of the stud pin 815 rubs against the elastic portion 1001 to 
cause friction. Thus, the vibration of the mask frame 81 0 is rapidly attenuated. 

[0174] The cathode ray tube including the elastic supports 81 6B was incorporated into a commercially available TV, 
io and vibration of the speaker was applied. No degradation of color purity was observed. The thickness of each portion 
of the elastic supports 816B is the same as that of the elastic support 816. 

[0175] In Examples 1 through 9, the area causing friction is not as large as in the conventional elastic supports 2001 
(Figures 23A and 23B) and the elastic portion and the elastic support have different shapes. Accordingly, even small 
vibration causes friction, such that the vibration restriction effect is satisfactorily large. 
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(Example 10) 



[0176] In Example 1 0 according to the present invention, a cathode ray tube having the structure shown in Figures 
8A through 8C includes elastic supports 81 6C shown in Figures 1 2A and 1 2B instead of the elastic supports 81 6 shown * 
20 in Figures 9A and 9B. Identical elements previously discussed with respect to Figures 9A and 9B bear identical ref- 

? erence numerals and the descriptions thereof wilhbe omitted. The description below willbe done regarding one elastic ft ■•, 

support 81 6C for convenience unless specified:otherwise. • : . - 

[0177] The" elastic supports 816C does hot include any elastic portion but includes a^piurality of sliding^pleces 1101. 
formed by raising an area surrounding theengaging hole 81 8. The plurality of sliding piecesl 101 form a funnel shape 
25 - : together. When the stud pin 815 is inserted through the engaging hole 818, a side circumferential surface 832 of the 



*stud pin 815 is constantly in contact with rthe plurality of sliding pieces 1101. ; 



[0178] When the maskframe 810 (Figure&A) vibrates in directions in directions perpendjqular to the sheet of Figure *. 
■ -r^:v^li2Bvand; directions' parallel to the sheet of Figurer12B, the side circumferential surface;j832 of: the stud>pinvB15 rubs & -..-< v>.«? .* i ^r-t 
'■=-. against the plurality of sliding pieces 11Q1 to cause friction. Thus, the vibration of the mask fra^ 

>-30i?* Bated."" ; ; fv3> f< £ UX\i A V 'xV^'J^^ - •• • V'-f tfag :\j - *r V s - ^vC'/?> - - - ' -« - 

> 'i[Q-\79f The cathode ray tube including the elastic supports 816C was incorporated into ^commercially available TV,' - 
, and vibration of a speaker was applied as in Example 10. No degradation of color purity was observed. The< reason < 
forthis is considered to be the following. When the mask frame 810 is vibrated in the axial directions (directions indicated 
with the double-headed arrow B1 in Figure 8A, i.e., the directions perpendicular to the sheet of Figure 12B) by the 
35 vibration of the speaker, the sliding pieces 1 101 of each elastic support 81 6C rubbed against the side circumferential 
surface 832 of a respective stud pin 815, and the friction between the sliding pieces 1101 and the side circumferential 
surface 832 rapidly attenuated the vibration, thus preventing degradation of color purity. 

[0180] The plurality of sliding pieces 1 101 preferably have an identical thickness as that of the elastic support 81 6C. 
Each sliding piece 1101 preferably has a length of about 0.5 mm or more and about 2.5 mm or less. When the sliding 
40 piece 1 1 01 is shorter than about 0.5 mm, the effect is reduced. When the sliding piece 1 1 01 is longer than about 2.5 
mm, the sliding piece 1101 is locked by the stud pin 815 while the elastic support 816C is attached to and detached 
from the mask frame 81 0 repeatedly, thus undesirably.resulting in deformation or destruction of the sliding piece 1 1 01 . 



(Example 11) 



45 



[0181] In Example 11 according to the present invention, a cathode ray tube having the structure shown in Figures 
8A through 8C includes elastic supports 81 6 D shown in Figures 1 3A and 1 3B instead of the elastic supports 81 6 shown 
in Figures 9A and 9B. Identical elements previously discussed with respect to Figures 9A and 9B bear identical ref- 
erence numerals and the descriptions thereof will be omitted. The description below will be done regarding one elastic 

so support 81 6D for convenience unless specified otherwise. 

[01 82] The elastic supports 81 6D includes a fixing portion 81 9 having an area S1 , an engagement portion 820 having 
an area S3, and the connection portion 821 having an area S2. The area S1 of fixing portion 819 is larger than each 
of the area S3 of the engagement portion 820 and the area S2 of the connection portion 821. That is, areas S1 , S2 
and S3 satisfy the relationships of S1SS2 and S1SS3. 

55 [0183] The fixing portion 819 is fixed to the attachment plate 817 by spot welding at welding points 1204 indicated 
with an "X" in Figure 13. The locations of the welding points 1204 are determined as follows. An approximate half of 
the fixing portion 819 is defined as an area 1201 and another approximate half of the fixing portion 819 is defined as 
an area 1202. The welding points 1204 are all located in the area 1201 which is farther from the bending edge 825 
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than the area 1202. The area 1201 will be referred to as a "welded area", and the area 1202 will be referred to as a 
"non-welded area". 

. [0184J The cathode ray tube including the elastic supports 81 6D was incorporated into a commercially available TV, 
and vibration of a speaker was applied as in Example 1 . No degradation of color purity was observed. The reason for 

5 this is considered to be the following. In the non-welded area 1202 in which the fixing portion 819 is not welded to the 
attachment plate 817, surfaces of the fixing portion 819 and the attachment plate 817 are constantly in contact with 
each other. When the mask frame 810 vibrates the axial directions (directions indicated with the double-headed arrow 
B1 in Figure 8A, i.e., the directions perpendicular to the sheet of Figure 13B) and directions parallel to the sheet of 
Figure 13B, the contacting surfaces of the fixing portion 819 and the attachment plate 817 rub against each other in 

10 the non-welded area 1202 to cause friction. Thus, the vibration of the mask frame 810 is rapidly attenuated. 

[0185] In order to confirm this, a comparative cathode ray tube (not shown; referred to as "cathode ray tube (2)" for 
convenience) in which the entire fixing portion is welded to the attachment plate was produced and subjected to the 
same test. A degradation of color purity was observed. Even after the vibration of the speaker was stopped, the deg- 
radation of color purity caused by the vibration of the mask frame was still observed for several seconds or longer. 

is [0186] Then, after the cathode ray tube (2) was operated, the m islanding of the electron beams over-time was meas- 
ured. 120 minutes after the cathode ray tube (2) was turned on, the m islanding was about 70 urn. The cathode ray 
tube including the elastic supports 81 6D was subjected to the same doming test. 120 minutes after the cathode ray 
tube was turned on, the mislanding of the electron beams was as small as about 20 urn The reason for this is considered 
to be the following,- In the cathode ray tube including the elastic supports 81 6D, the distance between the, welded area 

20 1201 of the elastic support 816D and the engaging hole 818, i.e., the operating length of the bimetal structure, is 
relatively long. Accordingly, even a slight temperature rise caused the position of the mask frame 810 (Figure 8A) to 
be corrected, In the cathode ray tube (2), by contrast, the entire fixing portion 819 is a welded area ^and thus the 

- • . - ,v operating length of -the bimetal structure is shorter than that of the elastic support 81 6D. Theref ore.vtbe position of the 

i ^ •>-*' maskframe:810 was not sufficiently corrected- • ^ i * :e :\ v > z$ 

- i - iV25 [0187] The cathode ray tube including the elastic supports 81 6D was subjected to a package dropping test in a similar 

mannerto themanner of Example 6. No degradation of color purity was observed. *<:-&^&<& !- 5 < 

[0188] -The area-of the welded area 1201 needs to be about 60% or smaller of the entire area of the;fixing portion , 
.?.».: • n£ 819 in order to achieve both the restriction of the vibration and the compensations doming as describediabove. TheV. 

- iO . zm*^*s\area of the welded area 1201 needs to be about 20% or-larger of the entire area^bf; the fixing portion; 81 9; When the. 

. - .v 30 r area of the welded area 1201 is smallerthan 20% of the entire area of the fixing portion 819i there were cases where 
.?v v,??. KZry. + . ^the welded area 1201 was detached from the attachment pJate 817 in the package dropping test , v < u 

, . x [0189] J The same effect can be achieved even when the elastic support 81 6D is provided <on only,each. of the second. 

shafts 809b (Figure 8B) and an elastic support which does not satisfy the relationships of S1 £S2 and S1 £S3 is provided 
on each of the f irstshafts 809a. The same effect can also be achieved even when the elastic support 81 6 D is provided 
35 on only each of the first shafts 809a (Figure 8B) and an elastic support which does not satisfy the relationships of 
S1£S2 and S12S3 is provided on each of the second shafts 809b. 

(Example 12) 

40 [0190] In Example 12 according to the present invention, a cathode ray tube having the structure shown in Figures 
8A through 8C includes elastic supports 81 6D shown in Figures 13A and 13B, instead of the elastic supports 816 

. shown in Figures 9A and 9B. identical elements previously discussed with respect to Figures 9A and 9B bear identical 

reference numerals and the descriptions thereof will be omitted. The description below will be done regarding one 
elastic support in Example 12 for convenience unless specified otherwise. 

45 [0191] I n the elastic support 81 6 D in Example 12, the area S1 of the fixing portion 81 9, the area S2 of the connection 
portion 821 and the area S3 of the engagement portion 820 satisfy the relationship of S1£S2£S3. In one example, 
S1=10 cm 2 , S2=8.5 cm 2 , and S3=5 cm 2 . The area S3 does not include the area of the engaging hole 818. The area 
1201 occupies about 40% of the fixing portion 819. 

[0192] Four elastic supports 81 6D in Example 1 2 are respectively located on the two first shafts 809a and two second 
so shafts 809b of the frame 809 (Figure 8B), each at an approximately central position. The mask frame 81 0 weighs about 
4 kg. 

[0193] The cathode ray tube including the elastic supports 81 6D in Example 12 was incorporated into a commercially 
available TV, and a package dropping test was performed as in Example 6. In each of single-color images of R, G and 
B, no degradation of color purity was observed. 
55 [0194] For comparison, a comparative cathode ray tube (not shown; referred to as "cathode ray tube (3)" for con- 
venience) including elastic supports which are the same as the elastic supports 81 6D in Example 12 except that the 
relationship of S1>S2>S3 is not satisfied with S 1=4.5 cm 2 , S2=8.5 cm 2 , and S3=5 cm 2 . The comparative cathode ray 
tube (3) was incorporated into a commercially available TV and subjected to the same package dropping test. In each 
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of single-color Images of R, G and B displayed after that, degradation of color purity was observed in a peripheral area 
of the effective display area. This demonstrates that mislanding of the electron beams occurred. 
[0195] In the case of the cathode ray tube including the elastic supports 81 6D in Example 12, it is .considered tha.t 
even when the mask frame 810 significantly swings due to a strong external impact to apply a strong force to the fixing 
portion 819 of the elastic support 81 6D, the mask frame 810 is returned to its original position without the fixing portion 
819 being detached from the mask frame 810 or without the elastic support 81 6D being twisted by plastic deformation 
at the border between the fixing portion 819 and the connection portion 821. Accordingly, mislanding of the electron 
beams 812 (Figure 8A) did not occur and thus no degradation of color purity occurred. 

[0196] In the comparative cathode ray tube (3), the fixing portion was detached from the mask frame despite the 
welding or the elastic support was twisted by plastic deformation at the border between the fixing portion and the 
connection portion. Accordingly, the mask frame could not return to its original position and thus degradation of color 
purity occurred. 

[0197] Based on these results, when a strong impact is applied to a cathode ray tube from outside, a strong force is 
applied to the fixing portion of the elastic support by the movement of the mask frame. When the area S1 of the fixing 
portion is smaller than the area S3 of the engagement area or the area S2 of the connection portion, the fixing portion 
cannot withstand the force and is detached from the mask frame despite the welding, or plastic deformation of the 
elastic support occurs at the border between the fixing portion and the connection portion. Thus, the relative positions 
of the mask 808 and the phosphor screen 806 are likely to be offset. Accordingly, it is important to make the area S1 
of the fixing portion larger than the area S3 of the engagement portion and also the area S2 of the connection portion 
and also to make the area S1 of the fixing portion sufficiently large to be strong enough against the weight of the mask 
frame, in order to prevent mislanding of the electron beams against an external impact. A necessary area. of the fixing 
portions can be determined in terms of the ratio of the total area of the fixing portions 819 (in the case of Figures 8A- 
and 8B , 1 0 cm 2 x4 = 40:cm?) with respect to the weight of the mask: frame 81 0. Regarding the cathode ray tube, in 
this example, the ratio of;about5 cm 2 /kg is not preferable. When the ratio is about 10 cm^g or more, degradation of 
color purity due to mislanding of the electron beams does not occur unless an exceptionally strong force is applied. ; 

(Example 13) * . > >: : 

[0198] In Example 13 according to the present Invention, a cathode ray tube having the structure'shown irt Figures/ r 
; 8A through 8C includes elastic supports 81 6D shown in Figures 13A and 13B, instead of the elastic supports 816 
shown in Figures 9Aand;9B/ Identical elements previously discussed witrtrespectto Figures 9A^tnd 9B bear identical 
reference numerals andnhe descriptions thereof will be omitted. The description below will be done, regarding, one. 
elastic support in Example 13 for convenience unless specified otherwise; r 

[0199] In the elastic support 816D in Example 13, S1=5 cm 2 , S2=5 cm 2 , and S3=2.5 cm 2 . S3 does not include the 
area of the engaging hole 818. The area S1 of the fixing portion 819, the area S2 of the connection portion 821 and 
the area S3 of the engagement portion 820 satisfy the relationships of S1£S2 and S1 £S3. The thickness of the elastic 
support 81 6D in Example 1 3 is about 1 .2 mm, and the weight of the mask frame 810 is about 4 kg. 
[0200] The cathode ray tube including the elastic supports 81 6D in Example 1 3 was incorporated into a commercially 
available TV, and a package dropping test was performed as described in Example 12. No degradation of color purity 
due to the mislanding of the electron beams was observed. 

[0201] In the case where the welding surfaces of the fixing portion 819 and the attachment plate 817 were roughened 
-or-scratched-to-have a rough surface-portion_by pressing or filing before welded, no degradation of color purity was 
observed even in a package dropping test with a larger acceleration. The difference of the top and bottom of the rough 
surface is preferably about 1 0 um or more and about 500 um or less. 

[0202] A preferable ratio of the total area of the fixing portions 819 with respect to the weight of the mask frame 810 
is examined as in Example 12. It is considered that the ratio is preferably about 5 crr^/kg or more, and more preferably 
about 10 cm 2 /kg or more. 

(Example 14) 

[0203] In Example 14 according to the present invention, a cathode ray tube having the structure shown in Figures 
8A through 8C includes elastic supports 816E shown in Figure 14 instead of the elastic supports 816 shown in Figures 
9A and 9B. Identical elements previously discussed with respect to Figures 9A and 9B bear identical reference nu- 
merals and the descriptions thereof will be omitted. The description below will be done regarding one elastic support 
81 6E for convenience unless specified otherwise. 

[0204] in the elastic support 816E, the area S1 of the fixing portion 819, the area S2 of the connection portion 821 
and the area S3 of the engagement portion 820 do not satisfy the relationship of S1 >S2>S3. The area S1 =7 cm 2 , S2=8 
cm 2 , and S3=5 cm 2 . S3 does not include the area of the engaging hole 818. 
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[0205] The fixing portion 819 includes bent portions 1301 at both of two ends thereof. The bent portions 1301 are 
bent towards the attachment plate 817. The attachment plate 817 has holes 1302 corresponding to the bent portions 
. . 1301 . The bent portions 1301 are inserted through the holes 1302. and then the fixing portion 819 and the attachment 
plate 817 are welded together. The thickness of the elastic support 816E is about 1 .3 mm, and the weight of the mask 
5 frame 810 is about 1 0 kg. 

[0206] The cathode ray tube including the elastic supports 81 6E was incorporated into a commercially available TV, 
and a package dropping test was performed as described in Example 12. No degradation of color purity due to the 
mislanding of the electron beams was observed. 

[0207] By providing the bent portions 1301 for the elastic support 81 6E, the resistance against an impact can be 
10 increased even though the areas S1 , S2 and S3 do not satisfy the relationship of S1^S2£S3. 

[0208] In the case where the bent portions 1301 are inserted through the holes 1302 and then the bent portions 1301 
are further bent to be parallel to the attachment plate 817 and welded with the attachment plate 817, the resistance 
against an impact is further increased. 

15 (Example 15) 

[0209] In Example 15 according to the present invention, a cathode ray tube having the structure shown in Figures 
8A through 8C includes elastic supports 816F shown in Figures 15A and 15B, instead of the elastic supports 816 
shown in Figures 9A and 9B, on the second shafts 809b (Figure 8B). Identical elements previously discussed with 
20 respect to Figures 9A and 9B bear identical reference numerals and the descriptions thereof will be omitted. The 

description below will be done regarding one/elastic support 816F for convenience unless specified otherwise. 
<\ ?.[0210] In the elastic support 81 6F, ttie areaiSI of the fixing portion 819, the area S2iof the connection portion 821 
r^and the area S3 of the engagement portion 820 satisfy the relationship of S12S22S3. The area S1 =9.5 cm 2 , S2=9 
^cm 2 , and S3=3.4 cm 2 ; S3 does not include the area of the engaging hole ;81 8.1 As;;shown in Figure 1SA, the fixing; 
25 ^portion 81 9is welded with the attachment/plate (not shown) at welding points 1401?(indicated with an n X°)^The welding 
■< *r points 1401 are distributed in anarea closer to one end of the fixing portion 819 from the center, of the fixing portion 819. : 
* ^[0211] The metal piece 822 formed of stainless steel is longer than the metal piece 823 formed;of Invar haying a\ 
^smaller coefficient ^of thennal -expansion than -that of ^stainless steel. Due to such : a stnicturer 4 the?; metal piece 822 
^expands-mpr^^due^to^ternperaUjre* rise than the case where the. metal piec€s^822^aod:82^t»ave1lhe same ;length. 
3a^v^=frherefore, satisfactory compensation for doming can be: expected; * ~- vV-^r- *. :v : x& r - ?. a, 

}•)?> ^:^[0212] On th erf irst shafts 809a (Figure 8B), the elastic supports ^having^theVsameistruct.ure^as-:that*of the elastic 
supports 816F except that the;areas S1 1 S2-and S3 do not satisfy the relationship^ S1£S2 >S3. The area S 1=7 cm?; 
- » • S2=8 cm 2 , and S3=^3.4 cm 2 . S3 does hot. include the area of the engaging hole 818; The metal piece 822 formed of 
stainless steel is longer than the metal piece 823 formed of Invar. The welding points 1401 are distributed in an area 
35 closer to one end of the fixing portion 81 9 from the center of the fixing portion 819. Both types of elastic supports have 
a thickness of about 1 .2 mm, and the weight of the mask frame 810 is 4 kg. 

[0213] The cathode ray tube including the elastic supports as described above was incorporated into a commercially 
available TV, and vibration of a speaker was applied as in Example 1 to the cathode ray tube. No degradation of color 
purity due to the mislanding of the electron beams was observed. 
40 [0214] The mislanding of the electron beams measured 1 20 minutes after the cathode ray tube was turned on was 
as small as about 15 um. After a package dropping test performed as in Example 12, no degradation of color purity 
duejojhe.mislanding of the electroiLbeams was observed. 

(Example 1 6) 

45 

[0215] In Example 16 according to the present invention, a cathode ray tube having the structure shown in Figures 
1 A through 1 C includes elastic supports 1 1 6F shown in Figures 1 6A and 1 6B instead of the elastic supports 116 shown 
in Figures 2A and 2B. Identical elements previously discussed with respect to Figures 2A and 2B bear identical ref- 
erence numerals and the descriptions thereof will be omitted. The description below will be done regarding one elastic 

so support 1 16F for convenience unless specified otherwise. 

[0216] As best shown in Figure 1 6B, the elastic support 1 16F has a V-shaped cross-section. When the mask frame 
1 10 (Figure 1 A) is heated and expanded by the scanning of the electron beams 112 during the operation of the cathode 
ray tube, the frame 109 presses the elastic supports 116F towards the side wall 102, which may undesirably offsets 
the relative positions of the electron beams 112 and the phosphor screen 1 06. The elastic support 1 1 6F has a V-shaped 

55 cross-section in order to automatically adjust the position of the mask frame 110 so that mislanding of the electron 
beams are prevented. 

[0217] The elastic support 116F shown in Figures 16A and 16B includes a fixing portion 1501 having an area S1 , 
an engagement portion 1503 having an area S3 and having an engaging hole 1502, and a connection portion 1503 
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having an area S2 and having a hole 1 505. S1 =22.5 cm 2 , S2=4.5 cm 2 , and S3=5 cm 2 . S1 is the area which is in contact 
with the frame 109b or the attachment plate 117 (Figure 1C), S2 does not include the area of the hole 1505, and S3 
does not include the area of the engaging hole 1502. S1 , S2 and S3 fulfill the relationships of S1£S2 and S1>S3. The, 
fixing portion 1501 has a thickness of about 1 mm, and the connection portion 1504 and the engagement portion 1503 
each have a thickness of about 0.5 mm. The weight of the mask frame 110 (Figure 1 A) is about 6.4 kg. The welding 
points 1511 of the fixing portion 1501 with the frame 109 or the attachment plate 117 are indicated with an "X". The 
welding points 1511 are distributed in areas closer to both of two ends 1506 of the fixing portion 1501 from the con- 
nection portion 1504. 

[0218] The cathode ray tube including the elastic supports 116F was incorporated into a commercially available TV, 
and vibration of a speaker was applied as in Example 1 . No degradation of color purity was observed. This is considered 
to be because vibration of the frame 110 was rapidly attenuated due to the friction between the fixing portion 1501 and 
the frame 109 in the area where the fixing portion 1501 is not welded to the frame 109. 

[0219] A package dropping test was performed as in Example 12, and no degradation of color purity was observed. 
[0220] For comparison, a comparative cathode ray tube (not shown; referred to as "cathode ray tube (4) u for con- 
venience) including elastic supports which are the same as the elastic supports in Example 1 6 except that S1 =7.5 cm 2 , 
S2=8.0 cm 2 , and S3=6.5 cm 2 . The comparative cathode ray tube (4) was incorporated into a commercially available 
TV and subjected to a package dropping test. In each of single-color images of R, G and B displayed after that, deg- 
radation of color purity was observed in a peripheral area of the effective display area. This demonstrates that mis- 
landing of the electron beams occurred. 

[0221] The elastic support 116F in Example 16 provides the same effect in the case where the thickness of the fixing 
portion 1501> is more than about 1 mm, and the thickness of each of the connection portion 1504 and the engagement 
portion^ 503 is about 0.3 mm or more and about 0.9 mm or less. < ; =- 

(Example-*^- * - • --^ ^-i^S. ^ *- V • i^' ^^m , •- 

[0222] win Example 17 according to the present invention, cathode ray tubes having the structure shown in Figures 
1 A through 1 C including the elastic supports having the structure of elastic supports 116R shown, in: Figures 16A and 
;.16B were produced with the area S1 of the fixing portion 1501being changed from 5 cwp&OHXiPtf&arP, to 2acm2, 
•Ten cathode ray tubes; were produced^ or, each size of ^:the fixing portion 1501. The cathode ray tubes wereieach 
-incorporated into a commercially available TV and subjected to. a package dropping test The results, are shown in 
?Table>1.r^;--;^M v. v s ; ^^vr^^:.;^: *' - * 

Tablet . 



CRT Sample No. 


3 


4 


5 


6 


Area of fixing portion (S1) 


5 


10 


15 


20 


Ratio of generation of degradation of color purity 


100 


10 


0 


0 



[0223] Based on the result shown in Table 1 , it is understood that when the area S1 is 7.5 cm 2 or less, the ratio of 
generation of degradation of color purity is unacceptably high; when the area S1 is 10 cm 2 or more, the ratio of gen- 
eration of degradation of color purity is 10% or less and acceptable; and when the area S1 is 15 cm 2 or more, there 
is no problem regarding the degradation of color purity. 

[0224] As in Example 12, the total area of the fixing portions 1501 of the elastic supports 1 1 6F <in the case of Figure 
1B, S1 x4) with respect to the weight of the mask frame 110 (Figure 1 A; 6.4 kg) is preferably about 5 cm 2 /kg or more 
and more preferably about 10 crr^/kg or more, based on the results shown in Table 1 and Example 16. Using this as 
a reference, an appropriate total area of the fixing portions can be found with respect to a mask frame of any weight. 

(Example 18) 

[0225] In Example 1 8 according to the present invention, a cathode ray tube having the structure shown in Figures 
1A through 1C includes elastic supports 116G shown in Figures 17A and 17B instead of the elastic supports 116 
shown in Figures 2A and 2B. Identical elements previously discussed with respect to Figures 2A and 2B and 1 6A and 
16B bear identical reference numerals and the descriptions thereof will be omitted. The description below will be done 
regarding one elastic support 116G for convenience unless specified otherwise. 

[0226] As best shown in Figure 17B, the elastic support 116G includes a flat fixing portion 1601 including an area 
1601a welded with the connection portion 1504. The elastic support 11 6G has a cuneiform cross-section. The welding 
points are indicated with an "X° in Figure 1 7A. The weight of the mask frame 110 is 8 kg. 
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[0227] The cathode ray tubes in Example 18 including the elastic supports 116G shown in Figures 17A and 17B 
were produced with the area S1 of the fixing portion 1501 being changed from 5 cm 2 , 10 cm 2 , 15 cm 2 , to 20 cm 2 . 
..Twenty-cathode ray. tubes were produced for each size of the fixing. portion 1601 . The cathode.my tubes were each 
incorporated into a commercially available TV and subjected to a package dropping test as in Example 12. The results 
are shown in Table 2. 



Table 2 



CRT Sample No. 


7 


8 


9 


10 


Area of fixing portion (S1) 


5 


10 


15 


20 


Ratio of generation of degradation of color purity 


100 


15 


0 


0 



[0228] The total area of the fixing portions 1601 of the elastic supports 116G with respect to the weight of the mask 
frame 110 (Figure 1A) is preferably about 5 cm 2 /kg or more based on the results shown in Table 1, more preferably 
about 7.5 cm2/kg or more. 

(Example 19) 

[0229] In Example 19 according to the present invention, a cathode ray tube having the structure shown in Figures 
1 A through 1C includes elastic supports 11 6H shown in Figured 8 provided on the first shafts 109a (Figure 1B). Along 
the second shafts 109b, the elastic supports 116F shown in Figures 16A and 16B are provided. The elastic description 
below will be done regarding one elastic support 11 6H for convenience unless specified otherwise. 
[0230] The elastic support 116H includes a fixing portion 1501 including bent portions 1701 at both of two ends: 
thereof. The bent portions i 701 are bent towards attachment plate 1 1 7. The fixing portion 1 501 has ah-area S1 of 1 0 
cm 2 (Tabie 1 , sample ho. 4). The attachment plate 1 1 7 has holes 1 702 corresponding to the bent portions 1 701 . 
[0231] The bentportibns 1501 are inserted through the holes 1702, further bent outwards ;or inwards to be parallel- 
to the attachment plate 117 and welded with the attachment plate 1171 The remaining part of the fixing portion 1501 
is fixed to the attachment plate 1 1 7 by welding T ' 1 • ' ^ n : 

[0232] r twenty cathodfe ray tfibes in Example 19 were produced and each incorporated into a commercially available; 
TV and subjected to a package dropping test as in Example 12. The ratio of generation of degradation of color purity 
was'0% 

(Example20) 

[0233] Example 20 according to the present invention is directed to the cathode ray tube shown in Figures 8A through 
BC including the elastic supports shown in Figure 13A and 13B and described in Example 11, 12 or 13. In each of 
these cathode ray tubes, the spring coefficient or the distance between the frame 809 and the stud pin 81 5 was changed 
so that the force of the stud pin 815 pressing the elastic support 816D through the engaging hole 818 was changed 
so as to be different for each of the four elastic supports 81 6D. The pressing force was not to exceed the range from 
about 5 N (newton) to about 1 00 N including about 5 N and about 1 00 N . When the force is less than 5 N , the engagement 
of the stud pin 81 5 and the engaging hole 81 8 is unstable, and when the force is more than 100 N, the force undesirably 
influences the shape of the frame 809. 

[0234] The cathode ray tubes produced in this manner were each incorporated into a commercially available TV and 
vibration of a speaker was applied as in Example 1 . The vibration amplitude was smaller than the case where the frame 
809 is pressed by the same force at the four sides thereof. This is considered to have occurred for the following reason. 
Since the pressing force is different for each of the four sides, the internal stress is also different for each of the four 
sides. As a result, the resonance frequency is different for each of the four elastic supports 816D. Accordingly, the 
vibration of the frame 809 is constantly attenuated by at least one of the elastic supports 81 6D. Thus, resonance of 
the elastic supports 81 6D and the frame 809 is alleviated. 

[0235] In the above example, the pressing force is made to be different for each of the four elastic supports 816D. 
Instead, the pressing force applied to the elastic supports 81 6D provided along the first shafts 809a can be made to 
be different from the pressing force applied to the elastic supports 81 6D provided on the second shafts 809b. In this 
case, it is effective to make the pressing force applied to the elastic supports 816D provided on the second shafts 809b 
1 .1 to 3 times larger than the pressing force applied to the elastic supports 81 6D provided on the first shafts 809a in 
order to alleviate a twisting vibration of the frame 809. 

[0236] In order to set the pressing force in the above-described range, the spring coefficient of each elastic support 
81 6D is preferably about 1 N/mm or more and about 25 N/mm or less. When the spring coefficient is less than about 
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1 N/mm, the rigidity of the elastic support 81 6D is too small to maintain the strength to engage the frame 809. When 
the spring coefficient is more than about 25 N/mm, the rigidity of the elastic support 81 6D is excessively strong and 
. has an adverse influence on production. 

5 (Example 21) 

[0237] Example 21 according to the present invention is directed to the cathode ray tube 100 shown in Figures 1 A 
through 1C and respectively including the elastic supports 1 16F shown in Figures 16A and 16B described in Example 
16 or the elastic supports 116H shown in Figure 18A described in Example 19. In each of these cathode ray tubes, 

io the relationship between the pressing force applied to the elastic supports and the vibration of the frame 109 was 
examined as described in Example 20. The same results as those in Example 20 were obtained. 
[0238] In each of Examples 1 through 21 , the mask main body, the frame and the elastic supports may be formed 
of other metals than those described in order to provide a similar effect. The number of the elastic supports provided 
to the frame is not limited to four, and may be three, five or more. The position at which each elastic support is attached 

is is not limited to the center of the sides or the corners, and may be any position on a side. The elastic portion of the 
elastic support is not limited to be formed of one plate, and may be formed of a plurality of plates which are superimposed 
on one another. The elastic portion is not limited to have a fiat surface, and may include a curved surface. 
[0239] Each of the masks 1 08 and 808 may be a press mask, an aperture grill , or a shadow mask extended between 
the respective first shafts 1 09a and 809a of the frame. 

20 [0240] Figure 19 shows one example of a shadow mask 1801 . When the shadow mask 1801 is used, it is effective, ; v 
to provide dampers 1802 for attenuating vibration of the shadow mask 1801 along both of two longer sides of the. ., v 
shadow mask 1801. Reference numeral 1804 represents a first shaft of the frame, and reference numeral 1805 rep- /-v;^ 
resents a second shaft of the frame which is shorter than the first shaft 1 804. For the sake of convenience, the elastic-^, 
: ->> , > supports are not shown in Figure. 19. : : t - . -. ■ .lO^fViV'-' 

; : 25- [0241 ] Each damper 1 802 is formed simply by making holes 1 803 in the vicinity of the side of the shadow mask 1 801 : • 
rand inserting a wire through ithe; holes 1803. It is preferable that the damper 1802 is formed of a material havingva:,: 
- >. larger coefficient of thermal -expansion than the materiaj of the shadow mask -1801 sinc« the temperature ris 

. 's. . damper: 1 802 is slightly delayed from the temperature rise of the shadow mask- 1 801 . In order to": cause the: damper v n 
>v- \ 802 to function -effectively, it is necessary to make the ; vibration amplitude large.at ; the f our sides of: the. shadow mask n ne^r .-, 

30 , .- ;i 801 vln order to achieve this j the shadow mask 1 801 preferably tias a tension distribution which; is Jargest in a central ^..i;.;^ 
area of the shadow mask 1801 and becomes smaller towards the four sides of the. shadow mask 1801. 
[0242] In order to restrict the temperature rise in the mask 108, 808 shown respectively in Figures 1A, 8A, it is 
preferable to coat a surface of the mask 108, 808 facing the electron gun 114, 81 4 with a material having a sufficiently -.. 
large mass number such as Bi (bismuth) or the like. In this case, a part of each of the electron beams which is not 

35 transmitted through the hole 1 07, 807 is reflected by the surface of the mask 1 08, 808, which effectively reduces doming. 
[0243] As a cathode used for the electron gun 114, 814 (Figures 1 A, 8A), a hot cathode is common. It is preferable 
to use an electric field electron emission element (cold cathode) for reducing the diameter of the electron beams in 
order to provide the effect of the present invention more noticeably for the following reason. When the diameter of the 
electron beams is smaller, an image having a higher resolution can be displayed. An image having a higher resolution 

40 requires a higher resistance against vibration and a higher resistance against the effects of dropping. With the structure 
of the conventional cathode ray tube, such a high resistance against vibration or the effects of dropping cannot be 
provjdedand degradation of color purity is inevitable. By contrast, a cathode ray tube according to the present invention 
has been confirmed not to cause degradation of color purity when external vibration is applied to the cathode ray tube 
or even the cathode ray tube in the case where the cold cathode is used. An electron source for the cold cathode may 

45 be, for example, a Spindt-type or tower-type electron source formed of Mo, Nb, W, Si, SiC or the like; an electron 
source formed of a carbon-based emitter including carbon nanotubes, graphite nanofibers, diamond, carbon fibers or 
the like; or an electron source formed of an emitter having a negative electron affinity formed of aluminum nitride (AIN) 
or the like. 

[0244] As described above, according to a cathode ray tube of the present invention, degradation of color purity due 
so to mislanding of the electron beams does not occur even when external vibration or strong impact is applied to the 
cathode ray tube. 

INDUSTRIAL APPLICABILITY 

55 [0245] The present invention provides an effect of providing a cathode ray tube which prevents degradation of color 
purity due to mislanding of the electron beams even when external vibration or strong impact is applied. 
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Claims 

1. A cathode ray-tube, comprising: 

an electron gun for emitting at least one electron beam; 

a mask frame include a mask having a plurality of holes or slits for allowing the at least one electron beam to 
be transmitted therethrough and a frame to which the mask is attached; and 

a panel including a phosphor layer to be scanned by the at least one electron beam transmitted through the 
plurality of holes or slits of the mask, 

wherein: 



the panel includes a plurality of stud pins for supporting the frame; 
the frame includes a plurality of elastic supports engaged with the plurality of stud pins; 
15 at least one of the plurality of elastic supports includes an engagement portion having an engaging hole which 

is engaged with one of the plurality of the stud pins and an elastic portion in contact with the one stud pin; and 
mask frame vibration causes the elastic portion to rub against a respective stud pin so as to generate a f national 
force for attenuating the vibration of the mask frame. 

20 2. A cathode ray.tube according to claim 1 , wherein the one stud pin has a tip, and the elastic portion rubs against 

the tip of the one stud pin. ... . ?l . 

* • & r ' ■ , *r;:.'£&* 

> , . v 3. A cathode ray tube according to claim ,1 , wherein;the elastic portion is fonrned of a metal plate rolled into a cylindrical v 

".>-"■ Shape. CVm. 'y 1 .** • •• •■. ( .\- • ':- • V- ' -" * ^ -K:.*. ;V>-,, ■ :. " .S.V— * ■ ".. 

1 u . 4. A cathode ray tube according to claim 1, wherein the elastic portion is formed of a metal plate bent jnto a leaf . - v r 

. . 'x U; \ spring-shape; *:. u , i~ .■• \ . ; ^«. : ... ; * 

,VVj ..••.;;i;r i » , ^5. A cathode ray tube according to claim-lvwherein the at least on /J'^^i,;:^ 
i. >>.^ao.?r;, the at least one elastic support tO'the-Jrarnerand<the elastic portion is fixed to -the fixing portion*,;-. ^n^iti v.^^ 

- - v 6. cathode ray tube according to claim5, whereln^the fixing portion .is provided between the engagement portion . . ^ 

and the.frame/::' ■■- ■■ ; j : . ^ 

35 7. A cathode ray tube according to claim 6, wherein the elastic portion is provided between the engagement portion 
and the fixing portion. 

8. A cathode ray tube according to claim 5, wherein the at least one elastic support further includes a connection 
portion for connecting the fixing portion and the engagement portion to each other. 

40 

9. A cathode ray tube according to claim 8, wherein a thickness of the fixing portion to, a thickness of the connection 
portion t1 and a thickness of the elastic portion t2 satisfy the relationships of t0>t1 and t0>t2. 

10. A cathode ray tube according to claim 8, wherein a thickness of the fixing portion to, a thickness of the connection 
<5 portion t1 and a thickness of the elastic portion t2 satisfy the relationships of t0>t1 and t1^t2. 

11. A cathode ray tube according to claim 1 , wherein each of the plurality of elastic supports has a substantially V- 
shaped cross-section. 

50 12. A cathode ray tube according to claim 1 , wherein each of the plurality of elastic supports has a substantially strip- 
like shape. 

13. A cathode ray tube according to claim 1 , wherein the at least one elastic support further includes a connection 
portion for connecting the fixing portion and the engagement portion to each other, and the elastic portion is fixed 

55 to the connection portion. 

14. A cathode ray tube according to claim 1 , wherein the elastic portion is fixed to the engagement portion. 
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15. A cathode ray tube according to claim 1, wherein the frame includes a pair of first shafts and a pair of second 
shafts shorter than the pair of first shafts, and the at least one elastic support is provided on at least one first shaft 
of the pair of first shafts. 

5 16. A cathode ray tube according to claim 1 , wherein the frame includes a pair of first shafts and a pair of second 
shafts shorter than the pair of first shafts, and the at least one elastic support is provided on at least one second 
shaft of the pair of second shafts. 

17. A cathode ray tube according to claim 1, wherein the frame includes a plurality of corners, and the plurality of 
10 elastic supports are provided at respective corners. 

18. A cathode ray tube according to claim 1, wherein the mask includes a damper provided at an end thereof for 
attenuating the vibration of the mask. 

15 19. A cathode ray tube according to claim 1, wherein the electron gun includes an electric field electron emission 
element for reducing a cross-section of the at least one electron beam. 

20. A cathode ray tube according to claim 1 , wherein the at least one elastic support has a bimetal structure including 
a first metal area formed of a first metal having a first coefficient of thermal expansion and a second metal area 
20 formed of a second metal having a second coefficient of thermal expansion which is less .than the first coefficient 

. of thermal expansion, the first metal area and the second metal being joined together. ; 

^^ 21. -A cathode ray tube according to claim 20, wherein the first metal area formed of the ^first metal has a greater 
- '.^..longitudinal size than a longitudjnal size of the second metal area formed of the.second metal. 

25 .■■■»•,. ••„;:. •• • • : - ' - ' 1 • '• •• - "■=>■'.. 

A i - r ?<:22.* A^cathode ray tube according to claim 20; wherein the first metal includes -stain less steel, and the second metal: 
< .:,;. includes nickel steel. *; i . ; ■■ : ..<; 

• r 23. A; cathode ray tube, comprising: ^j-v^-v.-*: ^t:.^\^ <- ■:. .-v,.--.^vv-, . z.-.f ryc-^t.--^ ..<■•:.« . v:V:n--?. : \ 

an electron gun for emitting at least one electron beam; . :- 

> : .r ,v a mask frame include a mask having a plurality of holes or slits for allowing the at least .one electron beam to- 
. be transmitted therethrough and a frame to which the mask is attached; and 
. a panel including a phosphor layer to be scanned by the at least one electron beam transmitted through the 
35 plurality of holes or slits of the mask, 

wherein: 

the panel includes a plurality of stud pins for supporting the frame; 
40 the frame includes a plurality of elastic supports engaged with the plurality of stud pins; 

at least one of the plurality of elastic supports includes an engagement portion having an engaging hole which 
is engaged with one of the plurality of stud pins; 

the engagement portion includes a plurality of sliding pieces forming a funnel shape provided in the engaging 
hole; and 

45 mask frame vibration causes a surface of each of the plurality of sliding pieces to rub against a respective 

stud pin so as to generate a frictional force for attenuating the vibration of the mask frame. 

24. A cathode ray tube according to claim 23, wherein the at least one elastic support includes a fixing portion for fixing 
the at least one elastic support to the frame, and a connection portion for connecting the fixing portion and the 

so engagement portion. 

25. A cathode ray tube according to claim 24, wherein the sliding piece has a length of about 0.5 mm or more and 
about 2.5 mm or less. 

55 26. A cathode ray tube according to claim 23, wherein each of the plurality of elastic supports has a substantialry strip- 
like shape. 

27. A cathode ray tube according to claim 23, wherein the mask includes a damper provided at an end thereof for 
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attenuating the vibration of the mask. 

.28. A cathode ray tube according to claim 23, wherein the electron gun includes an electric field electron emission 
element for reducing a cross-section of the at least one electron beam. 

5 

29. A cathode ray tube, comprising: 

an electron gun for emitting at (east one electron beam; 

a mask frame include a mask having a plurality of holes or slits for allowing the at least one electron beam to 
10 be transmitted therethrough and a frame to which the mask is attached; and 

a panel including a phosphor layer to be scanned by the at least one electron beam transmitted through the 
plurality of holes or slits of the mask, 

wherein: 

15 

the panel includes a plurality of stud pins for supporting the frame; 
the frame includes a plurality of elastic supports engaged with the plurality of stud pins; 
at least one of the plurality of elastic supports includes an engagement portion having an engaging hole which 
is engaged with one of the plurality of stud pins; 
20 the engagement portion includes a central portion having the engaging hole, a first side portion separated 

. from the central portion by a first cut, and a second side portion separated from the central portion by a second 
cut formed on an opposite side to the first cut with respect to the central portion; 

mask frame vibration causes a cut sectional face of the central portion facing the first cutto rub against a cut 
sectional face of the first side portion so as to generate a frictional force for attenuating the vibration of the - 
25 mask frame; and 

mask frame vibration further causes an other cut sectional face of the central portion facing the second cut to 
rub against a cut sectional face of the second side portion so as to generate a frictional force. for attenuating 
the vibration of the mask frame. 

30 > 30. A cathode ray tube according to claim 29, wherein the at least one elastic support includes a fixing portion for fixing ; 
• the at least one elastic support to the frame, and a connection portion for connecting the fixing portion and the 
••J engagement portion to each other. • - - . ; : 

31. A cathode ray tube according to claim 29, wherein each of the plurality of elastic supports has a substantially V- 
35 shaped cross-section. 

32. A cathode ray tube according to claim 29, wherein the mask includes a damper provided at an end thereof for 
attenuating the vibration of the mask. 

40 33. a cathode ray tube according to claim 29, wherein the electron gun includes an electric field electron emission 
element for reducing a cross-section of the at least one electron beam. 

34. A cathode ray tube, comprising: 

45 an electron gun for emitting at least one electron beam; 

a mask frame include a mask having a plurality of holes or slits for allowing the at least one electron beam to 
be transmitted therethrough and a frame to which the mask is attached; and 

a panel including a phosphor layer to be scanned by the at least one electron beam transmitted through the 
plurality of holes or slits of the mask, 

so 

wherein: 

the panel includes a plurality of stud pins for supporting the frame; 
the frame includes a plurality of elastic supports engaged with the plurality of stud pins; 
55 at least one of the plurality of elastic supports includes an engagement portion having an engaging hole which 

is engaged with one of the plurality of stud pins and a fixing portion for fixing the at least one elastic support 
to the frame; 

the fixing portion includes a first bent portion and a second bent portion bent towards the engagement portion; 
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the engagement portion includes a third bent portion bent so as to be in contact with the first bent portion and 
a fourth bent portion bent so as to be in contact with the second first bent portion; 

mask frame vibration causes the first bent portion .to. rub . against the third bent portion so as to generate a., 
frictional force for attenuating the vibration of the mask frame; and 

the mask frame vibration further causes the second bent portion to rub against the fourth bent portion so as 
to generate a frictional force for attenuating the vibration of the mask frame so as to generate a frictional force 
for attenuating the vibration of the mask frame. 

35. A cathode ray tube according to claim 34, wherein the at least one elastic support further includes a connection 
portion for connecting the fixing portion and the engagement portion to each other. 

36. A cathode ray tube according to claim 34, wherein each of the plurality of elastic supports has a substantially V- 
shaped cross-section. 

37. A cathode ray tube according to claim 34, wherein the first bent portion has a fifth bent portion for restricting the 
engagement portion from moving in a direction away from the fixing portion, and the second bent portion has a 
sixth bent portion for restricting the engagement portion from moving towards the fixing portion. 

38. A cathode ray tube according to claim 34, wherein the frame includes a plurality of corners, and the plurality^ 
elastic supports are provided at respective corners. 

39. A cathode ray tube according to claim 34, wherein the frame includes a pair of first shafts and a pair of second 
>- shafts shorter than the pair of first shafts, and the at least one ; elastic support is provided on at least one : firsfcshaft 

of the pair of :first shafts^- , ; ; - . 

40. A cathode ray tube according to claim 34, wherein the frame includes a pair of first shafts and a pair of ^second 
shafts shorter than the pair of first shafts, and the at least one elastic support is provided on at least one; second- 

"•if shaft of the pair of second shafts. .. . ■ • »■ .?-.-:->■: .-w- 

41. A cathode ray tube according to claim 34, wherein the mask includes a damper provided at an end thereof; for* 
v attenuating the vibration otthe mask; ..-/ v-. :<*<.■ - ----- w: 

42. A cathode ray tube according to claim 34, wherein the electron gun includes an electric field electron emission 
element for reducing a cross-section of the at least one electron beam. 

43. A cathode ray tube, comprising: 

an electron gun for emitting at least one electron beam; 

a mask frame include a mask having a plurality of holes or slits for allowing the at least one electron beam to 
be transmitted therethrough and a frame to which the mask is attached; and 

a panel including a phosphor layer to be scanned by the at least one electron beam transmitted through the 
plurality of holes or slits of the mask, 

wherein: 

the panel includes a plurality of stud pins for supporting the frame; 

the frame includes a plurality of elastic supports engaged with the plurality of stud pins; 

at least one of the plurality of elastic supports includes an engagement portion having an engaging hole which 

is engaged with one of the plurality of the stud pins, a fixing portion for fixing the at least one elastic support 

to the frame, and a connection portion for connecting the fixing portion and the engagement portion to each 

other; and 

an area of the fixing portion S1 , an area of the connection portion S2, and an area of the engagement portion 
S3 satisfy the relationships of S1£S2 and S1>S3. 

44. A cathode ray tube according to claim 43, wherein: 

the fixing portion has a first surface which is in contact with the frame and has a rough portion; 

the frame has a second surface which is in contact with the fixing portion and has a rough portion; and 
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the first surface and the second surface are fixed to each other by welding. 

45. A cathode ray tube according to claim 43, wherein the frame includes an attachment plate forfixing the. fixing. , 
portion. 

5 

46. A cathode ray tube according to claim 45, wherein: 

the fixing portion has a first surface which is in contact with the attachment plate and has a rough portion; 
the attachment plate has a second surface which is in contact with the fixing portion and has a rough portion; 
10 and 

the first surface and the second surface are fixed to each other by welding. 

47. A cathode ray tube according to claim 43, wherein the fixing portion includes a welding area fixed to the frame by 
welding, and the welding area is provided on an opposite side to the connection portion with respect to a central 

is border of the fixing portion. ■ 

48. A cathode ray tube according to claim 43, wherein an area of the fixing portion S1 , an area of the connection 
portion S2 and an area of the engagement portion S3 satisfy the relationship of S1£S2^S3. 

■•" 

20 *„: 49. A cathode ray tube according to claim 43, wherein the fixing portion includes a bent portion bent towards the frame. 

^50. A cathode ray tube according to claim 43, wherein each of the plurality of elastic supports has a substantially V- 
v^r-viA shaped cross-section: • 

25 51 . A cathode ray tube according to claim 43, wherein each of the plurality of elastic supports has a substantially strip- 
like shape. ; ■ •• ■ - - ■ - • - - ; ■■ ^ - 5 ■■ 

52. A cathode ray tube according to claim 43, wherein a ratio of a total area of the at least one elastic support and a 
weight of the frame is about 5 crr^/kg or more. 

>53. A cathode ray tube according to claim 43, wherein the frame includes a pair of first shafts and a pair of second 
: shafts shorter than the pair of first shafts, and the at least one elastic support is provided on at least one first shaft 
- of the pair of first shafts. . v 

35 54. a cathode ray tube according to claim 43, wherein the frame includes a pair of first shafts and a pair of second 
shafts shorter than the pair of first shafts, and the at least one elastic support is provided on at least one second 
shaft of the pair of second shafts. 

55. A cathode ray tube according to claim 43, wherein the frame includes a plurality of comers, and the plurality of 
40 elastic supports are provided at respective corners. 

56. A cathode ray tube according to claim 43, wherein the at least one elastic support has a bimetal structure including 
a first metal area formed of a first metal having a first coefficient of thermal expansion and a second metal area 
formed of a second metal having a second coefficient of thermal expansion which is less than the first coefficient 

45 of thermal expansion, the first metal area and the second metal being joined together. 

57. A cathode ray tube according to claim 43, wherein the first metal area formed of the first metal has a greater 
longitudinal size than a longitudinal size of the second metal area formed of the second metal. 

50 58. A cathode ray tube according to claim 43, wherein the mask includes a damper provided at an end thereof for 
attenuating vibration of the mask. 

59. A cathode ray tube according to ciaim 43, wherein the electron gun includes an electric field electron emission 
element for reducing a cross-section of the at least one electron beam. 

55 

60. A cathode ray tube, comprising: 

an electron gun for emitting at least one electron beam; 
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a mask frame include a mask having a plurality of holes or slits for allowing the at least one electron beam to 
be transmitted therethrough and a frame to which the mask is attached; and 

a panel including a phosphor layer to be scanned by the at least one electron.beam transmitted through the . 
plurality of holes or slits of the mask, 

5 

wherein: 

the panel includes a first stud pin and a second stud pin for supporting the frame; 

the frame includes a first elastic support and a second elastic support respectively engaged with the first stud 
w pin and the second stud pin; and 

the first stud pin pressurizes the first elastic support with a first pressure, and the second stud pin pressurizes 
the second elastic support with a second pressure which is substantially different from the first pressure. 

61. A cathode ray tube according to claim 60, wherein the first pressure and the second pressure are each about 5 N 
15 or more and about 1 00 N or less. 

62. A cathode ray tube according to claim 60, wherein the first elastic support and the second elastic support each 
have a spring coefficient of about 1 N/mm or more and about 25 N/mm or less. 

20 63. A cathode ray tube according to claim 60, wherein the frame includes a pair of first shafts and a pair of second 
shafts shorter than the pair of first shafts, and the at least one elastic support is provided on at least one first shaft 
of the pair of first shafts. ; - 

64. A cathode ray tube according to claim 60, wherein the frame includes a pair of first shafts and a pair of second 
25 shafts shorter than the pair of first shafts, and the. at least one elastic support is provided on at least one second - 

shaft of the pair of second shafts. ^u- 

65. A cathode ray tube according to claim 60, wherein the frame includes a plurality of corners, and the plurality of - • 
elastic supports are provided at respective corners. - 

. so " * •= ■>-:• -ni-. ,•■ -. .--=-"•-•.- • ■ . .- . •• v 

,66. A cathode ray tube according to claim 60, wherein the at least one elastic support has a bimetal structure including-- 
a first metal area formed of a first metal having a first coefficient of thermal expansion and a second metal area 
formed of a second metal having a second coefficient of thermal expansion which is less than the first coefficient 
of thermal expansion, the first metal area and the second metal being joined together. 

35 

67. A cathode ray tube according to claim 60, wherein the first metal area formed of the first metal has a greater 
longitudinal size than a longitudinal size of the second metal area formed of the second metal. 

66. A cathode ray tube according to claim 60, wherein each of the plurality of elastic supports has a substantially V- 
40 shaped cross-section. 

- 69. A cathode ray tube according to claim 60, wherein each of-the plurality.of elastic supports has a substantially strip- 
like shape. 

45 70. A cathode ray tube according to claim 60, wherein the mask includes a damper provided at an end thereof for 
attenuating the vibration of the mask. 

71. A cathode ray tube according to daim 60, wherein the electron gun includes an electric field electron emission 
element for reducing a cross-section of the at least one electron beam. 

50 

72. A cathode ray tube, comprising: 

an electron gun for emitting at least one electron beam; 

a mask frame include a mask having a plurality of holes or slits for allowing the at least one electron beam to 
55 be transmitted therethrough and a frame to which the mask is attached; and 

a panel including a phosphor layer to be scanned by the at least one electron beam transmitted through the 
plurality of holes or slits of the mask, 
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wherein: 

the panel includes a plurality of stud pins for supporting the frame; 
the frame includes a plurality of elastic supports engaged with the plurality of stud pins; 
5 at least one of the plurality of elastic supports includes an engagement portion having an engaging hole which 

is engaged with one of the plurality of stud pins and an elastic portion in contact with the engagement portion; 
and 

mask frame vibration causes the elastic portion to rub against the engagement portion so as to generate a 
frictional force for attenuating the vibration of the mask frame so as to generate a f rictional force for attenuating 
io the vibration of the mask frame. 

73. A cathode ray tube according to claim 72, wherein the elastic portion is provided on each of both sides of the 
engaging hole. 

15 74. A cathode ray tube according to claim 72, wherein the elastic portion is a metal plate rolled into a cylindrical shape. 

75. A cathode ray tube according to claim 72, wherein the elastic portion is formed of a metal plate bent into a leaf 
spring-shape. 

20 76. A cathode ray tube according to claim 72, wherein the at least one elastic support includes a fixing portion for fixing 
the at least one elastic support to the frame, and the elastic portion is fixed to the fixing portion. 

* *■ 77. A cathode ray tube according to claim 72, wherein each of the plurality of elastic supports has a substantially V- 
\-' . shaped cross-section. , - - v 

25 > ■•■ ' • ■ , . • ' ' • : :- V.".-.* 

. 78. A cathode ray tube according to claim 72, wherein the mask includes a damper provided at an end thereof for 
attenuating the vibration of the mask. s\ \ vr 

. 79. A cathode ray tube according to claim 72, wherein the electron gun includes an electric field electron, emission 
30 element for reducing a cross-section of the at least one electron beam. . 

80. An image display apparatus including a cathode ray tube according to claim 1. . s : t 

81 . An image display apparatus including a cathode ray tube according to claim 23. 

35 

82. An image display apparatus including a cathode ray tube according to claim 29. 

83. An image display apparatus including a cathode ray tube according to claim 34. 
40 84. An image display apparatus including a cathode ray tube according to claim 43. 

85. An image display apparatus including a cathode ray tube according to claim 60. 

86. An image display apparatus including a cathode ray tube according to claim 72. 

45 
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FIG. 2 A 
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FIG.4A 
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FIG. 5 A 
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FIG. 6 
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FIG. 7 A 
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The inventions of claims 1-42, 72-83, 86 (hereinafter referred to as invention 
A) achieve the same object to damp the vibration by friction in a specific position 
if a frame vibrates, as the object of the invention disclosed in JP 9-293459* 
A, cited by the applicant as a prior art document. 

The object of the inventions of claims 43-59, B4 (hereinafter referred to 
as invention B) is to prevent a fixed part welded to the frame from separating 
from the frame even if a strong shock is exerted during a package drop test. 
In working examples 11-19 described in the description and corresponding to 
invention B, the vibration is damped by friction in a specific position as in 
invention A. However the damping is effected by specifying an area where a fixed 
part is welded to an attaching plate, which is different from the technical matter 
of invention B. The problem to be solved by invention B, as described in the 
description on page 33 line 8 to page 34 line 15, is solved by specifying each 
area. 

The object of the inventions of claims 60-71, 85 (hereinafter refereed to 
invention C) is to prevent resonance of frame vibration by providing resilient 
supports having dif f erent resonance frequencies . However the technique of damping 
the vibration of a frame by friction is well known as the prior art that the 
applicant refers to. The object of invention A to damp the vibration by friction 
in. a specific position and the objects of ..invention C to prevent resonance, of 
frame vibration by providing resilient supports having different ..resonance . 
frequencies are not the same, in relation- to the invention that is disclosed 
in JF 9-293459/ A, cited by the applicant as a prior art document; iV 

Therefore the inventions do not achieve the same object, and the inventions 
A to C do not involve the same technical matters. 

Therefore there is no technical relationship among those inventions A to C 
involving one or more of the same or corresponding special technical features, 
and these groups of inventions are not united nor so linked as to form a single 
general inventive concept. 
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